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Tilt oiWFCT of the tditois m pit^miiijr this text book is to jiroNuk Mithm 
rc'i'-onablc limits a coiiiprchuisut Mine\ of the present jio-jition of \ nw 
diagnosis Bmcnosiie Tadiohyt is liceomm^ mi tutn asinglv compU x speci iUn 
nnd It IS ddliciiU for one iiorson to Ik cqtnlU cxiicit m all its branches The 
editors nit fortunate thereforo m haimj; tlie helji of eolhborators both ndio 
logical and elinu.il who arc dtstinpui>hed m particulir brandies of the subject 
It IS hoped tliat this has made thi work the more nuthont itivt and that it 
Mill be of inlut not onl\ tothc]>ost gradimtt student of mtliolog^ but also to 
the tlmitiaii In <onforimt\ witli this do ign oniv essential details of tech 
nique iiif included and the subject of \ ri\ phasics is not dealt nith 

lor conaenicticc of rcfereiite the work is jmhlished m three \oh lut-s each 
(Oiitauimg Is fai as jiossible subjects of ilhed mtcrcst I Inis \ol I dialu 
inaml> with the tliorix \o| II with the dxlnnun and \ ol HI with the. 
sk( let il and iicr\ ous s\ stems 

The pniductiou of this the third cohiiiic Ins been a lengthier pmecss than 
111 the CISC of the hf>t two lai^cli kcaiise of the time iniolied in cniruhting 
the work of MXfetn eoiitrthMtors Here «nd tlforc mat be fioted oter 
hpiurig between the tanmis sections The } ditors liaic not regarded this ns 
i fault if am thing thcrcierse 

It is not pos&ibk eicii within tlit „tiicri>iis Jmnts allowed b\ tho publishers 
to jlliistnto eitrv condition deinonstrible bx radiology but the illustrations 
dioseii are it is. hojied rejire entntive and give dm emphasis to the common 
lesions met with in ladiolouical jirnctuc Consider ibk interchange of material 
for illustrations has til cn jilacc lictwccn tlie \ariuus contrihutors to the book 
and the Editors arc greatlx indebted fur the loan of illustritions from other 
colleagues detailed acl nowledgmcnts of xiliich will be found at the legmiimg 
of each xoUimc fhex ire nl«o grateful to "Nlr Boutall of Messrs Vans 
Crampton for the tare and attention he has gixtn to the preparation of the 
hlocks and to Messrs Harell Matson &. t inex for their careful work with 
the printing 

Einallx , the Lditors desire to exjiiiss then siiitere tlianks to the publishers 
and in particular ^Cr H L Jackson and ^fr T Boothhx for their co-operation 
and advice without which this book could not have come info being 
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A TEXT-BOOK OF X-RAY DIAGNOSIS 


PART ONE 

CENTRAL NERVOUS SYSTEai 

CHAPTER I 

GENERAL TECHNIQUE AND PATHOLOGY 

Radtogra'PHIOEXAiiiusa.tion ofthe skull and its contents is now securely estab- 
bshed ns a most important method of investigating all cerebral disorders 
associated mth a rise of intracranial pressure, or with sj raptoms indicating 
a progressive course Almost every form of expandmg lesion within the 
cianium whether tumour, largo aneurjsm or infantile hydrocephalus, will 
produce in time local or diffuse changes m the radiographic appearance of the 
cranium and the evidence thus furmshed sometimes provides a peculiarly direct 
indication of the presence and situation of the lesion and e\ en of its nature 
The localisation of expanding intracranial lesions, such as tumour, depends 
pnmanly on a careful atudj of the patient’s sjmptoras and an accurate and 
detailed neurological examination However, the mind of the patient maj be 
so disturbed b\ cerebral damage that mvestigation of the functions of many 
of his nervous pathwaj s becomes almost impossible , m other cases the tumour 
may develop in a “ silent ” area of the bram and give no localising signs until 
its advancing margins perhaps far from tbe origin of the lesion begin to disturb 
known pathway s , or tlie tumour may so distort tbe bram as to produce damage 
m distant parts of it, wath the result that the patient has physical signs sus- 
ceptible of faultj interpretation as to the situation of the lesion as for 
example, ip«oIateral hemiparesLs in a tumour of one cerebral hemisphere 
There are, indeed «o manj pitfalls that even the most expert neurologist will 
admit his inability to furnish m everj case an accurate clinical diagnosis 
To this jiroblem of localisation of mtracrannl tumours radiology has con 
tributed much ^ It brings eiidenee of an entirely different kind from that 

^ In 1031 from plamX ray studies So»man usable to pre 1 ct the location of the intracranial 
tumour in 50 per cent of the casw submitted from Cusbwg a cbnic and to gire an accurate 
opinion as to the histological type of tbetnoionrin “5 per cent In 4 percent of thosameserje* 
radiograms suggested the prosenco of tumour wliete none was found 

J xhhoQTapl j A. InbhoCTaphN w gnen at tbe end of Cliapters TI to M It is not com 
prchensive but is intended as n guide to more detailed reading 
3 



CENTRAL NERVOUS SYSTEJI 


obtained by clinical examination evidence of a direct visual order which 
provides a cross reference on the map of topographical diagnosis The 
value of ventriculography and of its substitute ventricular estimation, will 
be referred to later in this chaptCT we will deal with simple X ray examma 
tion Fig 1 shows a large left fronto temporal memngioma in a patient 
whose predommant clinical signs when she first came under expert neurological 
care were papiUcedema left facial palsy of peripheral type and bilateral 



r 10 1 — O 8 fy ng left fronto tempors] niening oma w thout 1 yperostos s Case No 66 

pyramidal signs The first diagnosis was tumour of the pons Radiogram'? 
were then, taken and the shadow of the tnmoor was seen Shortly after th^ 
the facial palsj almost disappeared and furtlier consideration of the history 
of illness left little doubt that the lesion shown by radiography was responsible 
for the patient s sj raptoms The clinical problems presented by this case 
were not msoluble but without the help of radiograms of the skull a false 
conclusion might have been reached that operation gave no chance of relief 
or operation might have been directed towards the wrong part of the brain 
We have had other cases of this type m which the first clue to accurate 
localisation of the tumour has bera fiom the radiograms There are too 



GENERAL TECHNIQUE AND PATHOLOGY 


ca'tes in ■which tlie first definite evidence that the patient is suffering from 
an intracranial tumour and not from some other nervous disorder has been 
provided by radiographic examination Sometimes as in the ca<50 described 
above radiograms indicate not onU the situation but also the nature of tlie 
tumour It must not be concluded however, that radiography can often help 
to tins extent Direct evidence of the situation of the tumour is provided bj 
simple radiograms m no more tlian 10 to 15 per cent of cases and then the 
evidence maj be of such an indefinite nature that it can be considered of 
importance onlj when taken m conjunction wath the clinical signs and should 



Vic ^ — Calcif ed I la«] Itcerclri 


be rejected if not supported bj them A doubtful Heck of calcification seen 
m a radiogram becomes significant when the clinical picture is in accord with 
its situation and when further specially taken radiograms ma} confirm its 
presence Such a radiographic finding maj not infrequenth suggest to the 
surgeon that the tumour arises in an area 1 or ev en 2 inches m front of or 
behind tlie area m w Inch it was thought to be and the osteojilastie exploration 
i« accordmgli shifted forwards or backuards from the site originallj planned 
Even when it is nebulous radiological ev idcnce in a difficult case wall often 
start the observer on a newime of thought as a result ofw Inch the *significance 
of the previousl} oh«crved clinical «iigns is gauged more surelj and the correct 
diagnosis reached Radiologists can greatlj improve their interpretation of 




CENPRAL NERVOUS SYSTEM 


radiograms of the head by acquiring a working knowledge of the symp 
tomatology and pathologj of intracranial tumours 

These principles are of particular importance at the present time, when the 
perfection of technique and mcreasmg popularity of radiological examination 
are revealmg more and more novel appearances on and inside the skull 
There is a strong temptation to regard appearances that are novel as abnormal, 
and thus as the cause of the patient s symptoms When calcification of the 
pineal gland was first observed radiologically it was hailed by some as evidence 
of insanity for it so happened that the skulls ui which this calcification was 
observed belonged to the inmates of an asylum Even within the past vear 
we have seen a patient with letrobulbar neuritis who was referred on account 
of a calcified mass within the cranium and this mass marked with an arrow 
m the radiograms the patient brought with him, was the shadow of a normal 
pmeal gland The bony processes that sometimes 30m the anterior to the 
posterior clmoid processes, and which in radiograms appear to form a bridge 
above the pituitarj gland have been claimed as the cause of epilepsy, of 
idiocy, of diabetes insipidus, and of other maladies but further experience has 
resulted m the conclusion that the bridge ls more apparent than real, since it 
does not extend into the diapbragma sell® and that it is within the limits of 
normal More recently it has been claimed that calcified plaques seen radio 
logically m the falx cerebri are the cause of a syndrome of which the major 
symptom is headache Fig 2 shows a large calcified plaque of the falx in a 
patient who had suffered from headaches for months These headaches subsided 
after the removal of a large right panetal glioma 

We have stressed this point because m recent years there have been more 
negative operative explorations for intracranial tumour resulting from faulty 
radiological diagnosis than from any other cause Tlie following examples of 
such negative explorations have come within our knowledge 

(1) A man with progressive mental sjTnptoms w as found to have a calcareous 
plaque on the falx cerebri (similar to the one m Tig 2) and was explored 
with a pre operative diagnosis of meningioma of the falx 

(2) In a patient suffering from licadaches slight left hemiparesis and 
hemianalgesia radiograms showed m the right parietal bone a circular area of 
dimmished density, and behind this area numerous large diploic channels 
Fiowi this evidswee it was. thought at nourologioal oousultatiou that the patvent 
probably had a meningioma A right lateral osteoplastic exploration 
was done No tumour was found, but only small convolutions covered bj 
large subarachnoid spaces Increasing experience has shown that the 
appearances seen m the radiograms m this and the preceding case are really 
withm normal limits 

A pTfipnt suffermg from progressive mental disturbance and fits was 
found to have a large area of resorption m the left frontal region, and a radio 
logical diagnosis of left frontal meningioma was made At operation it was 
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found tlml the rej>ori>tion uns due to •munusmU) large congeries of Pacchionian 
granulation*' Ihe sjinptoins ■«ero due to severe tbronio leptomeningitis, 
probalili the result of chronic afcoholism (1 ig 3) 

There IS clcarl\ need for wider knowledge of tlio normal radiographic 
nppcannccs of tlie head 

At this stage it is im|>ortanfc to stress the fallacy of wJiat niiglit bo called 
haphazard radiographj of the skull lor example a patient with progressue 



l ir 3 — n** rplionofim trial leorfronUil Ixme n^'ociAtpd witlinumrrouslact! lonmii 
ilnli r 4 in H MDO of citroi c lopfiwiirningiti* Cikw* No £ 0 as 

right heiniiwrcsis is j>aul to i-how no radiological e\ulenc‘e of intracranial 
disease when the lateral picture** ha\c been taken with the right of the 
head ngnmst the film nltliuugh the probabilities are that the ItNion is m tlie 
left cerebral hemi'phcrt I'xamples of this t\ jic could be multiplied from our 
experience Ihc resi>onsjhiht\ is borne b\ the chniciati but the radioIogi«t, 
if he wishes to gel the lie^t ri^ultH will nbo plaj lus ]»art hi freeing tliat the 
tape of radiographic examination is goxcnied ba the presenting cImuaJ signs 


TECHNIQUE 

^\e do not propo etogi\c a detailed dc«enpt)on of apparatus or technique 
Pach radiologist wall know Ivst how to ««o his owai plant and there is at 
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present such lack of standardisation that what «jervts for one plant m the 
matter of technique, measurement, and adjustment of apparatus will not 
necessarily be effective for auothei Good worlc of a routine character can be 
done with any standard radiographic couch and fine-focus tube, but for certain 
special projections apparatus of the tjqie 
designed by Lysboliw is casewtial ^Tig 4) 
In this apparatus the Bucky diaphragm 
can be moved m any plane , the tube, 
travelling on a pivotmg overhead arc, is 
alnays centred the tube table distance is 
constant and the angles of all movements 
can be measured 

If the radiation is too hard, the rays 
may pass through tumours which are 
scantily calcified The radiation shoiJd be 
a% soft as possible vfitbowt ptoloogmg the 
exposure and risk to the patient’s sicm from 
mjs that are too soft to penetrate to the 
film Skull examinations entail many films 
and after simple radiograms have been 
taken further exposures are often necessarj 
foi encephalography and ventriculography 
For this reason, a filter should always be 
used and we lm\c found I mm of alu 
minium satisfactorj The variation of 
skulls in thickness and density cannot yet 
be predicted by clmical means the first 
film should therefore be examined before 
the others are taken 

Most examinations are made with the 
patient lying doivn, as he is more lilcely to 
keep still in this position than if sittmg up, 
I" 10 4 — The Lj<ihDhn laiie specially if he IS weak, stuporous, or dis 

turhed in his balance In “ direct sella ” 
films the sittmg position is frequently used, but this examination can also 
be done with the patient lying down 

Some form of centring deuce is essential, and the «mallest possible 
diapliragm should be employed We do not fix the head unless the patient 
IS restless, w hen a strap is used m preference to clamps 

Tlie value of stereoscopy cannot be overstressed A few highly expert 
radiologists work with single films, but most employ stereoscopy for almost 
every projection Onlvbythis metbodis it possible to learn the anatomical 
significance of the many lines and shadows at the base of the skull 
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Witli fitere<y*coplc vision the Bi<Ic or part of the skull nearest to the film is seen 
ill detail, uncomplicated b 5 'thc shadows of the opposite side, and thus small 
jiherations in density and pattern can be easily distinguished. In some pro- 
jections it is better to carry out stereoscopy in a longitudinal direction, while,-,?! 
in others it should be trans\erse; the films should alua 3 ’s be viewed lioth' " 
orthoscopically and pscudoseojiically. 

JIany projections have been described. Some of them have little jimctical 
value, and n e propo''© to describe only the more common, those that are used 
for routine examinations, and those for oertain special regions of the skull. It 
is scarcely necessarj’ to mention that ItuHndiia} cases may require a departure 
from the standard projections, as in the case of a In |>erostosis, which may 
Ikj adequately displajed only by tangential study of the inner table of 
the skull. 


ROUTINE EXAMINATION 

In tlie roTitinc examination of patients with intracranial lesions lateral, 
I>ostorO'antcrior, and antcro-jfostcrior projections are made. In describing the 



\arious fto-ltioiw, the tilt of the tul»e is measured by the angle the central ray 
forms with the orhUo-mcalal line. Tim line (al«o referred to as the “ eye-ear ” 
line, the IVankfurtcr horironinl plane, or Reid’s baseline) j'oias the upj)cr 
edge of the external miditori' meatus with the lowest |x>jnt of the Inferior 
orbital ridge (Fig. C). 

Lateral Projection. — Botli right and left lateral stereoscopic films should 
taken, otlion\ ise imiKirtant radiographic signs may 1)0 missed. In meningiomas 
<«f the coniexlty, for example, the fin«- changes in the Ixjne can only l>c seen 
w hen the convsjjonding side of the head Ls against the film. Not infrcrpiently 
the clinician is unable to tell the radiologivt with any degree of certainty on 
wliich t-ide of the head the loj-ion he^. 

Tlie patient is pUced prone wit!» the swle of the bead to lie exnntincd 



Fio 7 — 'Lateral projection cf^kuJI Normal appearance (a) Frontal ainus (b 6)Roofol 
each orb t (e) Cribriform plat© of ethmoid (d) Sphenoidal a r sinus {f f) Floor of rn ddle 
fossa (?) Sella tnrcca (b) Lambdoid suture (») Internal occ pitol protuberance (j) Coro 
nal suture (fe) lleningeal groove (antenor branch) (i) licnmgoal groove (posterior branch) 
(U) Meningeal groove of opposite side of sloiU (m) I) plo c vessels (p) Mastoid air cells 
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tOTTards the film. The sagittal axis of the sknll is parallel to the surface of 
the table. The central ray is adjusted over a point 2 cm. above the orbito- 
meatal line and 2 cm. in front of the external auditory meatus (Fig. G). 
This point is immediately over the sella turcica 
It is preferable that the stereoscopic shift should 
be in tlje rertical directjon. * 

This projection (Fig. 7) displays the shape, 
thickness, and texture of the cranial -vault, the 
sutiures, the meningeal and diploic channels, the 
sella turcica, areas of calcification in the pineal 
body, choroid plexuses, or elsewhere. The base of 
the skull is seen in profile. 

Postero-anterior Projection.* — The jiatient is 
face douwvards -nith his nose and forehead on the 



surface of the table. Tlie external auditory Fic. s — Fos-tero antemr 
meatuses are equidistant from the film The projection, 

central ray is directed to pass through the nation, 

but is not absolntely vertical, the tube being tilted 20 degrees towards the 
vertex (Fig. 8). Stereoscopy should be m a transverse direction. » 

In a satisfactory picture (Fig. 9) the crests of the petrous bones should he 
at the lower margins of the orbits, or slightly below this, so as not to disturb the 
rest of the picture. A good view isthusobtaioedof tbefrontnl bone, the anterior 
fossa, the orbits, the lesser wings of the sphenoid, and the accessory sinuses of 
the nose. Tlie anatomical interpretation 



FlO. 10 — iVntero postenot pro- 
jections (see text). 


of lines seen in tlie orbit is shown in 
Fig. 56 (sec p 56). The foramen rotundum 
can often be seen ; the optic foramen, rarely. 

Aniero-posterior Projections.* — It is our 
custom to dispense with stereoscopy and 
to take two single films. The patient 
lies on his back with the occiput towards 
the film and the external auditory meatuses 
equidistant from the film. The chin is 
depressed slightly towards tlie sternum so 
that the orbito-meatal hne is vertical. In 
all eases the central ray should pass 
tliTough the occipital protuberance. The 
radiogram can then be taken without a 
tilt or with various degrees of tilt towards 


* The standard tcrminolopy, now a]n]o<d umvor-aUx adopted, is to mention that port 
ot the head which w agairt<t tho 6lm. Thua “jwdero-anterior” lodicatea that the brow is 
Bgam«t the film ; " amcro-p<t.tenor ” indicates that th« occipital region w against the film. 

* Thw projection with \-arj-mg degroea of tDt has been 8Ugjm«ted by manv ditfercnt authors 
(Cra.-.hcy. Towne, Lj-ahotm, and others). 





Fio 7 — Lateral projection of skaD Norroal appearance (o) Frontal sinus (6 b) Roof of 
each orbit (c) Cnbriform plate of ethmoid (d) Sphenoidal air sinus (/ /) Floor of middle 
foasa (3) Sella turcica (A) Laoibdoid satare («) Internal occipital protuberance 0) Coro 
nal suture (1) 5Ieniogeal gToo\a (anterior branch) (f) Meningeal groove (posterior branch) 
(It) Menmgea) groove of opposite side of skull (m) B plo c vessels {p) Mastoid air>cells 
10 
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tlie lieacl. ^Ye have found that Jhost infonnation is obtained taking one 
fiJm uith a tilt of 25 degrees towards the head, and a second film with a 
tilt of 35 degrees in the same direction (Fig, 10). Tlie first of these pro- 
jections is designated “ antero-posterior ” (Fig. 11), the second “fronto- 
occipital” {half-axial antcro-poslerior) (Fig. 12). These \'ie\\8 show the 
interior of the posterior part of the skull, the pineal siiadow, the outline 
of the loA%er part of the tabular part of the occipital hone, and the occipital 
emissary canals ; the anterior and posterior clinoid processes are seen in one 
or both views , the shadows of the petrous bones are seen above the orbits. 
In the fronto-occipital picture the foramen magnum is well seen. In many 
instances important confirmatorj'^ evidence of radiological signs observed 
in other views nia 5 ’ be obtained. In cases where in the lateral projec- 
tions pressure deformity of one anterior clinoid process is suspected, these 
projections will supply important confirmatory evidence, especially of 
lateralisation. 

SPECIAL EXAMINATIONS » 

Ocdpito-frontal Projection (half-axial postero-anterior projection). — If there 
is difficulty in obtaining the fronlo-occipUal projection on account of shortness 
of the patient’s neck, then sinulacinformation 
may bo obtained from a projection in the 
roverso direction. 

SubmentO'Vertical Projection (axial pro- 
jection). — The patient lies on his back. 

The highest point of the vertex rests on the 
top of tlic Bucky diaphragm, and the central 
ray is directed through the submental region 
at the hyoid bone (Fig. 13). • Tlie external 
auditory incatuees should be equidistant 
from the film. Tlic central ray should 
make an angle of 00 degrees witli tlio orbito- 
'fmcatal line, and, if tlie patient cannot 
extend the head sufliciently, the tulxi mjist 
bo tilted until the correct angle is obtained. 

This projection is not diffiCTiU to procure, even. in fit patients x^ith short 
necks. To get the head extcmlwl far enough, it is necessary to have tlie 
shoulders higher than the Bucky diaphragm, and it will helji materiallv if 
tJiD buttocks are rni««od higher than the shoulders. It is advKnblc to take 
stereoscopic films ; the trax erse of the tube should 'bo transverse. 

This picture shows the foramina magnum, spinosum and ovale, the petrous 
bone with the ossicles of the ear, the tncningcal grooves in their proximal parts, 
and other details at the hxsc of the skull (Fig. 14), 

* For A fuller nccounl of kixtioI projoettons, the reailcr is rofcrwl to th^ works of Schuller, 
Lj-sliotm. anil Santo. 



. Fiu. n — Submento \ertioal axial 
projection 
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Lateral Projection for 
Sella Turcica (direct sellar 
projection) — The position 
of the head and direction 
of the centril ray are as 
for the routine lateral pro 
jections (Fig 6) A Buchv 
diaphragm is. dispen'^ed 
Tivith, as the object is to 
use verj soft radiation 
Various exposures should 15 -rrojeetion for opt.c foramen (see test) 

be tried if the first film 

mdicates the presence of aparseU calcified areas The sella turcica is well dis 
plajed bj the routine lateral projection of the whole skull, but mth the 

“ direct sellar ’ projection much 
greater detail is obtained 

Projection for Optic Foramen 
— Each optic foramen la radio 
graphed separatelj The patient 
IS prone with the forehead and 
nose against the Buck} dia 
pliragni the head is rotated so 
^hat the sagittal plane makes an 
angle of 50 degrees with the lion 
rental, the orbit to be radio 
graphed being nearest the film 
j^The central ray is directed to a. 
point 7 cm above the tip of the 
opposite mastoid process and 
the tube IS tilted 10 degrees 
cramalh (Fig 15) A simple and 
aecunate %\n\ of doing this is by 
tlie metal appliance doinsed bj 
Camp and Gianturco (Fig 10) 
The tip “ A ’ is placed at the 
outer cantliiis of the ej^e and the 
arm “ B ” rests lightly on the top 
of the ear The upper division 
of the arm then shows the Ime 
along whicli the central ray mu»t 
be directed to pass through the 
optic foramen of the opjiosite 
orbit 
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This vie^i shows the optic foramen through the upper medal part of the 
orbit and, alongside it, the anterior clmoid process The greater and lesser 
wmgs of the sphenoid are also seen (Fig 17) 

Lateral Projection for Porus Acusticus — ^The patient lies prone with his 



Fio 17 — Projection for right optic foramen Normal appearance (a) Upper margin of orbit 
(ai) Upper margin of left orbit ( 6 ) Frontal emasee (c) Floor of antenor fossa continuing into 
the lesser wing of sphenoid laterally (<f) Hoor of orbit ( 3 ) Optio foramen (J) Ethmoidal 
air cells 


head m the lateral position and the side to be exammed against the Buchj 
diaphragm The tube is tilted 15 degrees craniaUj (Fig 18) The central 
ray passes through a point 1 inch above and 2 inches behind the exter 



tic. 18 — Lateral proj^tion for 
poms acaiticu^ 


nal auditor\ meatus of the uppermost ear 
(F.g 19) 

Thts picture, used bj Schuller, Benscken 
and others for the radiographic exammation 
of cerebello pontme angle tumours, shows 
the shadow of the mtemal auditory meatus 
supenmposed on that of the external meatus 
It IS doubtful whether this projection and 
the one that follows are as itseful for showing 
the mtemal meatus as the fronto'occipital 
projection already described 


Vertical Projections for Porus Acusticus 


and Petrous Bone —-In these projections the central raj is perpendicular to 
the long axis of the petrous bone Slenters method la to place the patient 
prone , the bead is rotated so that the sagittal plane of the skull is at an 
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angle of 45 degrees to the 
film The orhito meat'll 
Ime IS perpendicular to the 
film Tiie central ra\ is 
directed to the cvtemal 
occipital protuberance and 
the tube is moved caudalh 
12 degrees (big 20) Other 
method** of m%estigating 
the petroii'. hone at right 
angles to it** long a\b> have 
been dcscrdied b\ J/’ni/er, 
jS’c7i«?/er Carr and others 
Projections for Upper 
Half of the Orbits — ^TJio 
patient is prone nith the 
chin resting on the couch 
and the forehead raised 
so that tlie orbito meatal 
line makes an angle of 
35 degrees inth tlie vertical 
Usuallj this means that the weight is taken on the cbm and the tip of the 
nose just touclies the surface of the couch The central ra\ is directed verti 
call> downwards througli the orbit (Fig 21) If a Lysholm table is used the 
nose and forehead rest on the table and the tube is tilted 35 degrees towards 
the \ erte'^ Stereo*5copic films should be taken w ith transverse shift 



Vio la — lateral projection for porus acusticus 
Norniat nppoarsncp T2 e niitl nc of (ho internal a iclitacj 
meatus eoen bnnj: inKiJe that of the external nuilitort 
canal 




Bj this method the upper part of the orbit is ‘*een more completely than 
m the routine postero anterior aiew, and tlie accestiora na^al ‘Minuses show well 
(Fig 22) The view will often help in ca«es w here sphenoidal ridge tumours 
are suspected 
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Planigraphy or Tomography', mtrodaced bv Bocage, Ztedses des Plantes, 
and others, and greatly simplified by E 11 Ttimvig, is a method of radio- 
graphy ivhich aims at displaying a selected jilane of the patient’s body. In 
skull \s ork this method can he used n ith advantage to show structures that are 
obscured in simple radiograms {Fig 158) Tlie cribriform plate, for example, 
can be showm in a lateral planigram of the skull nithoiit any of the lines of the 
orbital roof which in simple radiograms make identification of the cribriform 
plate difficult 

INTRACRANIAL PATHOLOGY IN RELATION TO RADIOLOGY 

Before describing radiological ajipearancei. m disease, it is nece'^sary to 
refer bnefly to those aspects of mtraeranial pathology nhich bear on radio- 
logical diagnosis 

(fi) Rise of Intracramal Pressure — With few exceptions intracranial 
tumours and other expandmg intracranial lesions jiroduce a nse of intracranial 
pressure Tins may be so intense that the patient becomes severely ill before 
any change in the skull can be shown by X rays, but, as a general rule, when 
there is rj»e of intracranial pressure for a penod of six months or more, radio* 
graphic signs appear Tlie rise of pressure within the cranium may be pro- 
duced almost entirely by the bulk of the tumour and oedema of the surrounding 
brain, but more often is due to the fact that the tumour blocks the outflow of 
cerebro'-innal fluid from the a entncular system, and so produces liydroeephalus 
This IS iiarticuhrly liable to occiu in lesions of tbe posterior fossa, midbrain, 
and third ventricle both lateral ventricles become dilated and the intra* 
lentricuhr pressure is raised from the normal 150 mm of water, m some cases 
to as much as 1,000 mm This rise of pre'=siire is communicated to all parts 
of the cranium 

Its effects uiion the skull v ary inth tlie age of the jiatient and the condition 
of the sutures In infants and young children rise of pressure produces 
separation of the sutures and enlargement of the head (Fig 23) This is 
tantamount to partial decoini>resj>ion, and may delay the onset of symptoms , 
thus a child w jtli a benign tumour and a large head mav hay e quite a short 
history of illness After the age of 15 the bones begin to join and the skull 
cannot expand to any great extent ' General rise of pressure then tends to 
produce exee«sne resorption of those (larts of the vault that overlie the 
cerebral convolutions, and this m time giies nse to a characteristic “ beaten 
silver ” appearance (Fig 24) Tlie bone is thinned over the convolutions, 
and the ridges of more dense bone correspond to the sulci Similar markings 
apjienr on the ba«!e of the skull, in the middle and anterior fossa?,* hut these 
cannot be adequately displayed m radiograms 

Generalised tlunmng of the skull occurs with severe and long continued 

* Xaturall} , no marlting^ occur oxi*r the eerebelliun where there are nt> con\olutions 
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internal hydrocephalus from any cause, but is of little value in radiological 
diagnosis ouing to the great vamtions in the normal thickness of the skull. 
With rise of intracranial presstue the diploic channels and the foramina of 
the emissary veins become enlarged ; this is doubtless due to tlie rise of 
intracranial venous pressure, which is a constant acconixianiment of raised 
intracranial pressure. 



Fio. 24. — Convolutional markings in a patient with internol liydroccphalua due to adhe- 
sions in the region of the fourth ventricle.' Tho sella turcica^olso h partially destroyed. 

Case Vo. L.H. 41781/1038. 

In adults the earliest and most constant evidence of rise of intracranial 
pressure is foutid in the sella turcica. From the manner in which it projects 
into the cranial cavity the dorsum sellw, with the ^posterior clinoid processes, 
is particularly vulnerable to increase of pressure. It tends to disappear and 
at the same time the fossa may become enlarged, even when the lesion causing 
the rise of intracranial pressure is remote. The mechanisms by which sellar 
changes are produced 4rill be described later. 

Owing largely to the dural partitions, a rise of intracranial pressure is not 



24 


CENTRAL NERVOUS SYSTEM 


equallj distributed throughout all parts of the cranium Tumours of the 
pituitary gland produce enlargement of the sella turcica usually without ant 
pressure effect upon the rest of the cranium In benign tumours of sloit 
growth in other parts of the cranium especially m children radiological 
examination may reveal evidence of local increase of pressure m the form of 
localised projection and excessive thinning of the bone The bone always gives 
waj before the dura Fig 25 shows an example of local rise of pressure 



Fio 5 — Bulging an 1 thinn ng of the r ghl temporal region fro n a r ght temporal astrocytoma in 

a ch Id aged 7J The rad ogram al o shoas arm the left ventncle Case tio J371 

(6) Displacements — Intracranial tumours and other expanding mtra 
cranial lesions tend to produce distortion of the brain A tumour arising m 
one cerebral hemisphere may displace the falx lateral and third ventricles 
and e\ en the midbrain to the opposite side (I ig f 9) The phenomenon is of 
great unportance m its application to diagnosis by means of ventriculographj 
hut it also has some hearing on simple radiological diagnosis on account of 
the displacement of calcified contents of the skull The pmeal gland is usualh 
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calcified in adult life and its displacement m anj direction miy be recognised 
radiologicallj There is often calcification m part of the choroid plevus of the 
“lateral % entricle and if this is a isiblc in an abnormal position it w lU provide 
indirect e\ idence of the site of the tumour Tlie falx cerebri is sometimes 
calcified and visible in radiograms and its deflection bj a tumour of one 
cerebral hemisphero m ill then be a valuable observation 

(c) Calcification of Tumours — Gbomas epidermoid cysts meningiomas 
some blood \e»sel tumour? tuberculomas teratomas cvsticerci and other 
intracranial tumours or expanding lesions are calcified itli vary ing degrees of 
frequency and intcnsit} Tumours of the brain are more prone to undergo 
calcification than arc tumours in other parts of the bodj Wliy this should be 
IS not entirely clear hut undoubtedly the slow growth of the lesions contributes 
to it Another factor ls the prevalence of degeneration of small blood a essels 
of the tumour and its surroundings walli deposition of calcium m or about the 
walls of the acs'scL Some tumours maj e\en contain bone {Fig 1) 

{(1) Vascular Changes — \Vlien tumours are attached to the dura the neigh 
bourmg meningeal aesssels are usuallj enlarged Increased vasculantj of this 
typo can bo inferred from the abnormal appearance of the menmgeal grooves 
in radiograms It is in meningiomas (dural endotheliomas) that changes of 
this sort arc particularly apt to occur and the> constitute an important mdica 
tion of the nature and situation of tumours that maj gi\ e few obvious clinical 
localising signs In the«o cases the enlargement of the menmgeal nrtenes pre 
sumabh occurs in response to the needs of the tumour just as with tumours 
in other parts of the bodj 

The meningeal artcncs sujiplj the skull bones as well ns the dura and when 
one of them is enlarged there is an increase of blood snpph to the adjacent bone 
as obseraations at operations show This also can often be shown bj N. rajs 
(e) Local Effects of Intracranial Tumours upon the Skull — Intracranial 
tumours on the surface of the brain usualh produce clianges m the overlying 
hone Tlie e changes are the same as tho c protluccd in other bones bj 
adjacent tumours but the\ are of much greater importance in radiological 
thagnosb- since thev proiidc w/ia( mai often be iho only c/ue fo accurate 
localisation of the tumour In this connection it is ncessan to consider at 
tome Icngtli certain fundamental facts of tho patliologj of bone 

In tho normal skeleton new bone is constantlj being formed (Jepantton) 
and old bone is con'>tantlv being remoi cd (resorplion) In this way tljo skeleton 
changes its shape and size according to the needs of growth In the skull 
which js jurtlj formed m membrane and partlj m cartilage these clianges 
arc constantK taking place with the normal growth of the brain resorption 
jircdommatcs in the inner table and dcjiosition in the outer table W hen the 
skull IS affected bj a jnthological condition the balance between these two 
procc'ses ma\ be disturbed mcrcased dejxisition and dimmushed resorption 
result in thickening (lyperwtwm) or mcrca'>e<l densita {ostcosclero-n/i) of the 
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bone , increased resorption and diminished deposition result in thinning or 
diramislied density of the bone {osteoporosxs) The term ‘ expansion of bone ” 
IS frequently used Such expansion is not due to stretching of bone but is 
the result of resorption of bone on the surface exposed to the pressure, and 
simultaneous deposition of bone on the other 

All radiological changes in the skull itself as distinct from changes in its 
blood vessels are to be explained by these processes The nork of tJie morbid 
anatomists especially 8chmorl and Turnbull has clearly shoirn that 
there is no absorption or disposition of calcium independent of the removal 
and formation, of bone Thus prolonged pressure of a tumour against the 
inner table of the skull may produce diminished density of the bone as seen 
m radiograms and thinning or even perforation This is not due to the 
abstraction of calcium from the bone but to resorption by macrophages 
(osteoclasts) of hone with its calcium It is reasonably certain that hyper 
ostosis and osteosclerosis on the one hand and osteoporosis on the other are 
produced solely by the activity respectively of osteoblasts and osteoclasts 
It might be thought that a tumour mradmg the skull would invariably 
excite osteoclasts to destroy it but that is not so In some cases the tumour 
laden bone shows a scanty bone content and dimmishcd density m radiograms 
but in others the amount of bone is increased and the density of tJie part as 
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seen xadiologically is excessive The rapidity with which the invasion occurs 
IS not a sure guide though it is often true that tlie more rapid the invasion 
the greater the osteoporosis As a general rule bone around a tumour beliaves 
like anj other connective tissue under similar conditions the tumour which 
m soft tissues calls forth great deposition of fibrous tissue is in bone osteo 
sclerotic while the tumour which m soft tissues excites little or no chronic 
inflammatory reaction is in bone osteoporotic 

The Reaction of the Skhm. to Iifi ash e TcaiooRs is shown diagram 
matically in Tig 26 It will be seen that («) the bone maj be almost 
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completely re&orbed; (6) it may be widened, but at the same time show* 
osteoporosis ; (c) it may be w itlened, but increased in density owing to great de- 
position of new bone (osteosclerosis) j and (d) it may show in places eacessive 
resorption and in others execssiw deposition. None of these changes is specific 
to any particular tyixs of tumour, a fact to 'ulucli Taylor has drawn attention. 
The slow-growing meningioma, with relatively feeble power of invasion,’ will 
in one case produce an osteoporotic reaction, and in another an osteosclerotic 
reaction ; the metastatic carcinoma of the skuU will likewise produce varying 
reactions. Tliesc facts, which have jierhnps not l^een sufficiently appreciated 
in the jiast by radiologists, inevitably limit the precision of radiologj’ in patho- 
logical as opposed to regional diagnosis 

Tiik Reacttox of the Skotj. to Non-in-vasive TtrstouKS is shown dia- 
graramaticaliy in Fig. *27. It w lU be seen that : (a) the bone may bo thinned, 
with or without local bulging, or completeli' rcsorliod ; (6) the bone, though 
not thinned in its contours, luaj he niucli le*.^ den^e , the trabcculre are scanty 
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and the medullary spaces arc occupied by fibrous tissue ; (c) the bone may be 
for the most part affected as in (6), but there arc in sorao places areas of increased 
dcijosition ; (d) the bone may project internally, producing an internal hyptr- 
ostofnf? ; although the bone is thickcnetl, yet it is in most places Jess dense 
than normal, the bony trabeculas having been extensively rcsorbed and largely 
rejilneed by fibrous tissues, or by on unusually large number of blood-vessels. 
In such cascH, how ever, there are usually one or more areas of osteosclerosis. 
Ixjcnljsed or circumscribed lij'perostosis is seen (xirticularly in meningiomas, 
and Fig. 28 shows the actual histological appearance of one example. It 

* Many m(7nuigiomaH am emAp^uli»tc«l, «>n<I not invomxs, l>ul a certain number of them do 
fpretwl »iUo the moilullarj ^pAct-:! «f the o%-erl>ing lione. Such tumours nuMt be reffonlwJ in tho 
pAtbulogical a* aw ft* mvaxwe tumciura, e\en though the mnjonty of them are plinically benign, 
and. apart from Hieir m^ft-ne property, liwtolbginUly (leniim. 

* The term U'jpfrorinnt, m apf>h«! to the cah'anum. inchonteH n generoJjiod or localwed 
inen^Aw in tolume of the skull, ilun iHualty to inMoxon of the bone bj tumour, but Kunetunes 
to inflammation, to traction, or po«ihty, aa in difTaoe frontal hj-porostosis, to endocrine dis- 
turl>Aiie^. Localiwil h% pi'rontcviH mA) bcMlemftl, or internal, or may project from both inner 
and outer table* of the skull 
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may -s^cU be that, as a result of formation of collagenoiLs fibrous tissue m tlieir 
substance, meningiomas at some time in their groH-tli exert traction on the 
overlying skull, and that tliL-> is responsible for the production of hj perostosis. 

Without radiograms tint show contours, it is difficult at tunc^ to determine 
whether an area of altered densitj m the skull is associated w ith tiuckenmg or 
thinning of the lionc, or alteration of its contours Tor this leason all such 
areas should be exammed by tangential projections 

It will be seen that bj means of radiograms we can in certain ca‘;es tell 
the situation anti eien the nature of the lesion In other cases, it- is possible 
to say that there is nsc of mtracnnial pressure, due to tumour or other 
expanding lesion, but there is no evidence as to the situation and nature of 
the lesion In some cases the absence of anj radiological signs maj constitute 
information of x nine in diagnosis 



CHAPTER II 


THE RADIOLOGICAL FEATURES OF THE CRANIUM, 
NORMAL AND PATHOLOGICAL 

This chaptlr deals ^'lth systematic xadiological examination of the cranium, 
and draws attention bneflj to the normal and abnormal appearances that are 
commonly found A systematic description of the abnormalities is given m a 
later chapter m this chapter they are considered from the point of view of 
differential radiological diagnosis In examining radiograms of the skull it 
IS useful to have a system the one described here is based on exammation 
m sequence of the following points 

(1) The 8126 , shape, and contours of the skull 

(2) The sutures 

(3) The cranial vault, its thickness and texture, the presence of local areas 
of increased or diminished density, thickening or tlimning, the presence and 
extent of convolutional markings 

(4) The vascular channels (a) meningeal channels , (6) diploic channels , 
(c) smus markmgs 

(6) The sella turcica 

(6) The base of the skull, especially the lesser wmg of the sphenoid 
and the petrous bone In certam cases it may be necessary to study the 
optic foramina, internal auditoiy meatuses, the foramen magnum, and other 
basal foramina 

(7) The presence and jiosition of calcification, normal or abnormal 

(8) The presence of air writhm the cranium (aerocele) 

(9) In addition a bnef examination of the accessory sinuses is made for 
sometimes abnormahty in one or other of these will lead the observer to the 
correct solution of problems of mtracranial diagnosis 

THE SIZE AND SHAPE OF THE SKULL 

The vault of the skull is comparatively- large at birth and grows rapidly, 
so that it has almost reached full size by the time the child is G or 7 The rest 
of the skull grows more slowly, and contmaes to increase m size until the age 
of 20 Great variations occur m the size and shape of the normal skull, for 
details of which the reader is referred to anatomical treatises and to the mono 
graph of Schuller Deviations from the normal size and shape may or may not 
be associated with underlymg disease and dia^osis of mtracranial abnormahtj 
should rest on clinical examination rather than on radiological appearances 
30 
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Of abnonn'ihties m tlie size of the skull as a whole, enlargement i» the 
more common When the bone is not thickened the cause is almost u ithout 
etception lij drocephalus , when the bone is thickened tlie cause of tlie 
enlargement must be sought among such dibOtders of bone groulii as osteitis 
deformans, osteitis fibroma, familial osteosclerosis, and acromegaly Smallness 
of the head may be associated with open or closed sutures With open sutures 
it LS usually due to failure of development of the brain (nucrocephalus) With 
closed sutures ifc la due to cranii^tenosis 

Alterations m shape of the base of the skull are found in some cases of 
hydrocephalus, the atlas and axis pressing into the posterior fossa Tins 
condition is knoivn as bastlar tntagivaJion Localised alterations in the shape 
of the \ ault are considered in the follow ing pages 

THE SUTURES 

The exact dates of closing of sutures of the \ault are rarely of importance 
in radiological diagnosis because they are subject to such great variations 
Most of the sutures of the base are joined at birth,' while those of the vault 
do not close fully until after the age of 35, or even considerably later Small 
supernumerary bones, called Wormian bones, are sometunes seen m the vault, 
especially in the region of the hmbdoid suture They ansc from separate areas 
of ossification and are of no definite significance m diagnosis, though they 
indicate some abnormality of Oasdicalion 

Separation of all the sutures of the vault occurs m by drocejihalus from any 
cause, up to the age of 15 (Fig 23) Later m life local separation of one suture 
may indicate a subjacent tumour of slow growth Premature closure of 
the sutures is found m craniostenosis , delayed closure occurs in rickets and 
other deficiency diseases, renal infantilism, cleido cranio dysostosis, and 
fragilitas o^suiro 


THE CRANIAL VAULT 

A. Normal 

The bones of the skiiU arise in two different ways — those of the vault from 
membrane bone, and tliove of the base and fece from cartilage Up to the age 
of G-7 the bones of the a ault appear as one layer m a radiogram, but after 
that differentiation begins and three layers are to l>e seen, the mner and outer 
tables of compact bone, and the diploe of cancellous tissue lying betireen In 
old age the^e layers tend to di'iappear once more, so that the \ ault again becomes 
uniform m density , at the same time the whole skull appears more translucent, 
except in the frontal region, w)iere it becomes thickened, presumably as a 
seqiial to atrophy of the frontal lobes of the brain 

Skulls yary greatly in their thtefne** From cranial operations it is found 
that thin 'skulls may be aery hattl and contain httio diploic tissue, y\hile thick 
'Tlie tla^l occiput and ba** pbenotd do not unita until putierty or later 
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skulls are sometimes" soft Tiie feignifi<anoe of these differences is not known 
Some parts of the cranial \ault are mnchithinner than otliers especially the 
parts covered b\ muscle The thinnest of them aU is the squamous temporal 
bone * which in consequence gives an area of dimmished density m lateral 
radiograms A second area pf dimimshed densitj is seen in the occipital region 
in true lateral radiograms and sometimes a -third at the frontal pole These 
areas tend to disappear when the head is rotated slightly They arise probabh 
because the amount of bram tissue is small m lelation to the capaciti of that 
part of the skull they are not due to any local thinning of the bone 

Small localised areas of thinning of the skull appearing m the dried skull 
as mdentations of the inneiu table on each side of the superior longitudmal 
smus are often seen in radiograms as circumscribed areas of diminished 
density Thej are produced hj locahsed dilatation of the cerebral veins 
entermg the superior longitudmal Sinus (Sinusoidal veins) or by Pacchionian 
granulations and the\ do not give nse to symptoms The venous depression 
has a slopmg edge while the depression caused bj Pacchionian granulations 
is sharplj punched out Similar localised erosions of the inner table of the 
frontal bone at some distance from the middle line are frequentlj seen in 
postero anterior radiograms (Fig 3) They are due to arachnoid granula 
tions which are identical in structure ^^th the parasagittal Pacchionian 
granulations and the} do not indicate a pathological lesion though it is to 
be noted that the} are apt to be excessive m chronic non suppurative 
leptomeningitis 

The areas of dimmishcd densitj so far described can be distmguished 
as a rule from areas of diminished dcnsit} due to menmgioma or other lesions 
by the follownng points (1) the absence of any bon} projection from either 
surface of the skull (2) the absence of abnormal vascular markings in the 
neighbourhood and (3) though this is not invariable their s}Tnmetrical dis 
tnbution The radiological evidence however is not always deCLsive and 
when clinical evidence indicates unequivocal disease of the subjacent brain 
the temptation to mal e a diagnosis of tumour is strong In all cases of doubt 
air injection should be emplojed 

S} mmetncall} placed circular translucent areas are sometimes found m 
the parietal hones as a congenital defect 

The porosity of the cranial vault varies greatl} Sometimes particularly 
m }oimg adults the vault appears to be hone} combed by large and small 
spaces which correspond to the medullary spaces of the diploe This appear 
ance is usually of no pathological s^mficance though occasionallj it ma} he 
the first sign of generahsed osteoporosis 

Convolutional Markings — ^In children the inner table of the skull 1} mg 

* The tabular part of the oceptsi bone below the super or cuned hne w also \ery tlun 
except m the m ddle I ne 

Tl e i ) oTs are \ndeb ed to V »s Audrey J Amolt 
OT F 3 ‘’9& nnt ol » bwjuert sketches tn Port I 
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above the tentorium cerebelh normally presents shallow depressions corre 
spending m size and direction with the convolutions of the cerebral hemispheres 
Betw een these depressions are ndges of thicker bone w'hich correspond to th 
cerebral sulci These convolutional markings are readily seen in the vault u 
radiograms Convolutional markings in adults are usually a sign of raisei 
intracranial pressure but up to the age of 15 they are normally present ii 
parts of the vault In children therefore then- presence sliould not be regardet 
as evidence of a pathological jirocess unless they are extensive w hen there ii 
often also separation of the sutures In lateral radiograms lines or area; 
of thick bone between the convolutional depressions of the squamou! 
temporal bone maj cross tlie shadow of the sella turcica and have sometime; 
been mistaken for calcification of a suprapituitary tumour An observe; 
with good stereoscopic vision will usually be able at once to localise such area: 

of increased density to the latera 
wall of the skull but if this li 
difficult the question can be settled 
by parallax 

B Pathological 

Diminished Density of the Skull 
— Areas of diminished density ol 
the vault of the skull winch are 
abnormal in situation and extent 
are due to thinning from pressure 
atrophy or to replacement of bone 
by soft tissue The generalised 
thmning which gives rise to the 
appearance of increased convolu 
tional markings has already been 
mentioned (Fig 24) It indicate* 
a rise of mtracranial pressure and 
gives no clue to the situation ol 
the lesion 

Localised thmnmg is sometimes 
found over the summit of slow 
growmg superficial tumours and 
may be accompanied by slight pro 
jection of the thm part of the vault 
(Fig 25) In radiograms it is 
seldom possible to tell whether 
the bone has been completely destroyed or whether it persists as a thm shell 
The latter is the more usual finding at operation Of the tumours that produce 
thinning of the vault slow growing gUomas, especially astrocytoma, are the 
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0 31 — Pankrfigittal meningioma with IiypeHHtiww Tlie aketcbcij of operation show tl at 
tmcraninl part of the mrolngioma a larger than the hjpero<5to<m am) that Jt has >nvsi:)ed 
gittal sinus, Man aged fo Casa "No 779 

. common (Fig 211) Cholcstcatomt of the \ault, hydatid cyst, and 
r circumscribed superficnl tumours of slow growth ma^ aUo produce the 
} cficct It IS rare in menuigioma Localised thinning of the skulJ is also 
uccd pre‘«surc from without b\ benign tumours of the scalp and 
iramum such as dermoid and epidermoid tumours (Fig 30) 

\ bon bone is repheed bv soft tissue either neoplastic or inflammatory, an 
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appearance of diminished density xesnlts In these circumstances the bone i? 
usuallj thickened Benign tumours limited to the skull may also product 
such areas of tlimimshcd density eg haimaTigeiohlastomaofthe skull (Fig 163) 
The tumours which by mvasion of tlie skull, produce areas of diminished 
density include meningioma metastatic tumours, myelomatosis, and carcinoms 
or sarcoma invading the skull from uithout (eg rodent ulcer) 3?ig 31 
shows a meningioma with bony projection which m the radiogram? 
appeared as an area of diminished density The tumour excited an osteo 
porotic reaction it has alroad> been remarked that meningiomas more 
commonly produce an osteosclerotic reafction Reduction of the density oi 



Fia 3^ —Left fronta] meningioma 
with hyperontosis in a woman ago \ 5i 
The swelling had been present for four 
years giowing slowly There wa« a 
scar of old injury in the scalp o%er 
the lump Case No 26S1 



the bone over a meningioma is not always due to mvasion of the bone by tl 
tumour Fig 28 shows an area of dimmished density over a small occipit 
memngioma wJncli was entirely due to fibrosis of the marrow The tumo 
had not invaded the bone at all 

Bone may be rejilaced by granulation tissue in jiyogenio osteomyeliti 
or by granulomatous tissue m syphilitic or tuberculous canes Dimi 
ished density of the skull is a conspicuous feature of xanthomatosis ' 
the skull 

Increased Density of the Skull — Increased density is usually assooiatf 
with tbiekenmg of the skull With pathological thickenmg the radiologic 
distmction between tlie diploe and the inner and outer tables is usually los 
Generalised increase of densitj is found m Paget’s osteitis deformans m inarb 
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very slow growth, and at times cannot be distinguished either clinicallj or 
radiologicallv from meningioma (Fig 165) 

(3) Osteitis Fibrosa — Tins is the roost common pathological lesion that 
produces the condition known as leontiasia ossea Osteitis fibrosa affects the 

base more often than the 
vault, but occasionally 
^ will produce a bony 

swelling in the temple 
or forehead, usuallj as 
' , an extension of a basal 



lesion It IS frequently 
associated w ith patlio 
logical bony changes el^ie 
where cbpecially m the 
facial bones 

(4) Osteitis Defor- 
mans — ^\Vhen it affects 
the skull osteitis defor , 
mans ls usualh diffuse 
but occasionally it 
forms alocalised liv elhng 
Fig 34 shows such a case 1 

(5) Osteoma of thCj 
Skull — This can usually i 
be recognised radiologi i 
cally by its extreme den 
sitj and sharp outline 
in tangential views 
Multiple osteomas occi 
at times as m hem 


' craniosis The bon 

^ - ^ swellmg m this typ® ‘■ 

Fio 34 — O-jteitw Jpfannam ronfii ^ to on« w<le of tho tumour IS USUally Sinul 
cranial vault (confinned hi (ologcally) Alan agod 44 Bony The radiological appeal 
prominence of right Ride of lead of M>\entpen years iuration ances which are oftc 
at»o prominence of left superior ihasilla for a a znilar peno j , , i 

Case ^o ’(>11 uistmctive are desenue 

m Chapter IV 

(6) Cavernous Hsemangeiorna of the Skull (Fig 1G3) See Chapter IV 

(7) Sarcoma of the Skull — ^The distinction of this lesion from other bon 
lumps rests m the first mstance upon its more rapid grow th and secondly upoi 


its poor density to X rays Indeed oxen a very large lump may not contan 


enough bone to show m a radiogram of standard penetration (Figs 3 


and 30) 


Flo 35 — -Sdrcomn of rigl i tnnpoml t»onc In tlio nonnrtl expomrc r»nl> »1 ght tiuckcrung 
of the lionc i*»en T!>o dopoMtionof lonem thottimour in Iho cnaraetenaliP form of rattiating 
«piciiIo« N onl> ««n tthrri K'fj ffd ra (mtmn i^ampIojo<) Caso \o L II JiOW/IMS 



Fic. 30 — \noll crease of sarcoma of ekull In spite of tie largo size of the lump the 
rndiogrnm showed prartica)l> no ealci£ca(ion CasoJ>o 
39 
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B The Bone is Thinned 

(1) Intracranial Tumour — Bon> lumps due to intracranial tumour covered 
bj thinned bone are usually inconspicuous and are often not found until 
X ra\ examination has been done or the head shaved The> are most com 
monh ascociated with astroertoma the most slow ly growing of the gliomas 
(Fig 2o) and with cholesteatomas and are met most often in children or 
young adults W e have found such bont projections in the temporal parietal 

occipital and sub 
occipital regions 
Tlie bone is so thm 
that it maj not show 
unless under ex 
posed tangential 
projections are 
taken 

Meningioma on 
rare occasions roai 
produce thinning 
and evpartsion of a 
small portion of the 
orerj^ing skull 
(‘^j Hodgkin s 
Disease Lympho 
sarcoma Lymphatic 
Leuk 2 enna Xantho 
matosis — ^In these 
conditions the skull 
IS thmned to greater 
or less degree but is 
not expanded the 
Bwellmg IS due to 
the presence of new 
tissue between j>en 
cramum and bone 
In santbotnatosis 
the swellmg is most common m the early stage of the duease after \ ray 
treatment the swellmg ls usually replaced b\ a depression 

(3) Subdural H 2 ematoma — ^When it occum in mfanc% and is left untreated 
subdural hsematoma mai produce local thmmng and bulging of the skull 
(Eig 3") 

VASCULAR CHANNELS 

The brain w suppLed the mtemal carotid and vertebral arteries the 
memnges by the middle menmgeal branch of the mtemal maxillary artery 



• al abnormal ty of the underlying cortex Case "No 459 
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and by t^vIgs from the other arteries ■i^hicli go to the cranium The venous 
return is more complicated Cerebral veins, talung a course that is quite 
independent of the cerebral arteries, open into the great venous sinuses 
Tlie meningeal reins usually accompany the meningeal arteries and are quite 
small , they connect also at the middle hue with the sagittal smus by means 
of lacim'e laterales, inde channels in the dura which he on either side of the 
sagittal smus and into winch Pacchionian granulations project There are 
free commumcations betw een many of the cerebral veins and the memngeal 
vems through the lacuna laterales 

There is a third 53 stem of veins, the diplom vems winch run m the can- 
cellous tissue of the skull Tliey are the nutrient veins of the skull, and thev 
become engorged when intracranial pressure is raised, since the} communi- 
cate freely with the menmgeal veins They are drained bv numerous small 
emissat} veins 

3fos.t of the blood leai es the cramum by means of the mternai jugular 
veins, but there are aLo numerous other emissar3 vems passing through the 
named foramina of the ha^e of the skull to the ptengoid plexus, and others 
jiassmg from the great venous smuses of the vault out into the scalp 3\lien 
an3*thmg mterferes with the return of blood along the mtemal jugular veins 
to the heart, as in a fit of coughing, blood escapes from the cranial cavity bj 
V a} of the enussar3 veins, and this accounts for the great \ enous* engorgement 
of the scalp that accompames prolonged coughing When mtracranial pressure 
IS raised, intracranial venous pressure is also raised , m these circumstances 
there is great engorgement of the emissara* vems and of the diploic veins, as 
19 commonly observed during intracranial operations for tumours and other 
expanding lesions which raise intracranial pressure It is to be expected, 
therefore, that erais'5ar3 veins and diploic channels anJl become enlarged as a 
result of sustamed nse of mtracrimal pressure, and this does occur 

The mcrease m size of the menmgeal arteries that accompinies the 
gronth of a memngeil tumour has already been commented upon m the 
earher chapter 

Normal Radiographic Appearances 

For a detailed account of the normal radiographic appearances of the cranial 
bloofl vessels the reader is referred to the monograph of Ltndblom 

The Cerebral Arteries — The carotid canal, through which the mtemal 
carotid arter3 enters the skull, can often be seen m the submento vertical 
projection {Fig 14) The foramen in the transverse process of the axis 
through winch the vertebml nrter\ passes on its wa} to the cramum, can 
usualh be seen in the ordinarj lateral projection of the skull Xone of the 
-smaller cerebral arteries when normal produces any radiographic sign. 

The Cerebral Veins — The cerebral veins mark the skull onl\ m places 
where they are adherent to or embedded m the dura This occurs to a 
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vanable degree alongside the sagittal smits especiallj near the coronal 
plane The \ems at this level are often dilated (smxisoid veins) and the 
radiographic appearance is not so much that of a linear groove as of an irregu 
larlj o\ai but sharply defined area of diminished densitj on one or both 
sides of the sagittal suture ^hieh corresponds to a depression of the inner 
table of the skull It can usually be distmguished from depression due to 
an underlj mg tumour bj the absence of anj projection of the outer table 
of the skull and bj the absence of radiographic signs of abnormal ^ asculanty 
in the surroundmg skull 

The Dural Sinuses — The sagittal transverse and sigmoid sinuses often 
mark the skull (Fig 12) especially in children There is no constancy 
about this and the size of the groove is no evidence of the size of the sinus 
One transverse sinus may mark the skull while the other docs not 

The Middle Meningeal Vessels — ^The middle meningeal artery enters the 
skull at the foramen spinosum This foramen can be seen m the submento 
vertical projection (lig H) immediately posterior and lateral to the foramen 
ovale rarely it is absent From the foramen spmosum the artery passes m 
a groove across the middle fossa for a short distance and then dmdes into 
anterior and posterior branches The anterior branch usualJv the larger 
ascends to the ptenon in u hich region it lies in a deep groove or even buned 
m the bone (Fig 7) It passes upwards towards the vertex m a groove 
m the inner table usually a short distance bclimd the coronal suture Tlie 
Rolandio fissure bes approximatelv 1 2 cm behind tins groove which thus 
provndes a u«eful rough topographical marking m lateral radiograms The 
posterior branch lies m a groove passing obliquelr backwards over the 
squamous bone and the posterior part of the parietal bone Both arteries 
branch dichotomously Tlie grooves in which they he become progressively 
smaller as the artencs ascend towards the middle Ime In the normal skull 
the grooves of the smaller branches cannot be demonstrated radiologicallv 
The grooves mcrease in depth up to middle age they are not usually vusible 
before the age of 2 In the proxmial part of their course they are often 
tortuous Sometimes the edges of a groove present thin Imes of mcreased 
density Tlie arteries of the two sides are usuallv svTnmetrical m distribution 

Tlie memngeal veins that accompany the artery are usually small through 
out the greater part of their course OccasionaUv however a vem accom 
pany-mg tlie anterior branch of the middle meningeal artery may be v ery large 
It lies m a deep groove whieli stands out prommenth m lateral radiograms 
Tins groo\ e passes straight from the les'^er wing of the sphenoid to the sagittal 
suture it L-s of fairlv uniform width and does not branch like the groove^ 
of the meningeal arteries It mav be pre^nt on one or both sides and is of 
no pathological significance Tlie large vein it contains may be looked upon 
a*! an additional dural smus {spheno paneial exnun or breg}nalic tein) 

Diploic Channels — It is not common to see diploic channels m the radio 



THE RADIOLOGICAL FEATURES OF THE CRANIUM 43 


grams of subjects belOTV" the age of 10 As age adrinces the diploic \ems 
enlarge though m some people thej do not appear at all Tliej are easily 
seen m radiogntns Their position m the -vnult and their size varj greatly 
but three mam sets of -veins ha\e been described {Bre^chet Jefferson and 
Sletcart) — ^frontal parietal and occipital — of which tlie parietal are those 
most commonly found (Fig 38) In radiograms diploic veins are seen as 
vvide channels of irregular course and width In contradistmction to the 
menmgeal channels with their upward and bad w ard direction their dtcho 



Flo 3S — D plo e ctuuincU 


tomoiis branching and fairh constant position diploic \ems run m any 
direction and branch and anastomose with one another in star shaped or 
spiderj fashion The outlme is not sharp and has on it small dilatations 
which give it a beaded appearance Diploic channels communicate freelj 
with one another even aero s suture Imcs 

■Meningeal markuigs and more raiel> vbploic marl inga are sometimes 
mistal on for fissured fractures \ fracture gives a blacker and more sharplj 
defined shadow since it mv olv es the w hole tluckness of the skull w all Fissured 
fractures do not often branch or cause the appearance of an island of 
normal bone hkc tliat produced Ijv vascular markings unless there is simul 
tancoiJs depression of the bone Aleningeal markings are symmetrical as can 
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be shown from lateral stereoscopic projections taken both from the right and 
from the left 

Pathological Radiographic Appearances 

In vascular intracranial tumours the vessels of the overlying scalp also 
are often enlarged even though the tumour does not invade tlie bone 
Enlarged pericranial \ essels often produce grooves on the outer table of the 
si nil but these are rarelj lai^ enough to be demonstrable by radiography 



Fro 39 — Huge d plo c cha inels rn the left frontal region of a, man aged CO with s gns of 
a left frontal expand ng lea on (not ver f ed) and a cran al bru t Presumpt ve d agnos s 
ntraeran al arter o venous aneiujsm The arrows point to arm the flattened left enter or horn 
Caee'No “'804 

When intracranial pressure has been raised for any considerable length of 
time as with tumours of slow growth there is usually enlargement of the 
emissary vems This is most easily demonstrated by means of antero 
posterior projections m the region of the occipital protuberance where emissary 
veins from tlie torcular Herophili perforate the skull The dilatation of these 
emissary channels is of no localising significance and indicates only that 
there is rise of mtracramal pressure 

No clear indications for the diagnosis of mtracramal lesions can be obtained 
from radiographic examination of the markings of the sinuses and diploic 
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veins It Ins been claimed bj SchuUer, and by Elsberg and Schtvartz, that 
tbe diploic channels are enlarged in the neighbourhood of menmgiomas on 
tlie convexity of the brain It is certainly true that exceptionally large 
diploic channels maj occasionally bo seen where there is an imderijing 
menmgioma, and it is quite hkely that their unusual dimensions may be the 
direct result of raised venous pressure m the region of the tumour, especially 
if this begins in earli hfe , but it is a matter of common experience that very 
large diploie channels may exist where there is no underlying tumour Ihe 
onl} safe rule is to place no diagnostie significance on the appearance of diploic 



Flo 40 — Right frontal meningioma in woman of 39 D Intedmen ngealclianneU conx-crgin<? 
on mtemal hyperoatoais, m which are numerous insculaf perforutiona Changes due to the ri«6 
of intracranial pressure are seen in tho sella turciea Case "No 143 


channels, save m the mo‘’t exceptional appearances (Fig 30), or where 
sucta^ssjve radiological observations of a case show progressive dilatation 
The markmgs of the meningeal vessels unlike tho'^e of the diploic channels, 
may be of signal importance as an mdication of the presence of tumours 
Dilatation of the foramen spmosum, or increased breadth, depth, and extent 
of menmgeal markings on one side of the skull uidioate almost anably tliat 

there is a anscuHr tumour nearbj, usually a meningioma but sometimes a 
ghoma attached to the dun, or an arteno venous aneurism of the cerebral 
vessels The relative size of the meningeal channels on the two sides should 
not be compared in the same pair of lateral stereoscopic films, but ratlier m 
lateral projections of both sides of the skull As the tumour grows, not 
only do the menmgeal channels enlarge but thej also become tortuous 
At the site of the tumour they give off verj numerous fine branches which 
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can be seen in radiograms as lines, or, when the vessels perforate the bone, 
as punctate areas of dimmished density (Fig 40) There are usually other 
changes also m the neighbouring bone, such as erosion, or hyperostosis 

The dilatation and tortuosity of meningeal channels afford a particularly 
valuable radiographic sign of the presence, situation, and nature of an mtra 
cranial tumour for these changes occur m just those cases ivhere the clmical 
signs may present a most difficult problem of diagnosis, namely, in slowly 
growing meningiomas Such evidence in the radiograms serves also to warn 
the surgeon that he must be prepared at operation for a lesion of extreme 
vascularity 


THE SELLA TURCICA 

By far the most important part of the base of the skull m radiology is the 
sella turcica It projects upwards in a way that renders it easily visible m 
radiograms "Man^ intracranial tumours are situated within or near jt, and 
deform it m notable fashion , and tumours at 
a distance also rcadilj produce changes in it 
From the radiological aspect certain ana* 
toraical features of the sella are important 
Firstly, the fossa has comparatively little re 
sistance at the sides, for bone is found only m 
the antenor and posterior faces and in the 
floor, so that the pituitary body can expand 
laterally to some extent before enough pressure 
IS exerted to influence its bony outline 
Secondly, the anterior clinoid processes are 
situated much farther from the middle line than 
the posterior (Figs 11 and 41), and do not form part of the roof of the sella 
at all, thej are m fact almost out of reach of any but asymmetrically placed 
orverj large mtrasellar tumours and this is wh} erosion of the anterior clmoid 
processes is rela^ely uncommon The sphenoidal air spaces he under the 
floor of the s^nTSurcica, and this region is consequently weaker in structure 
than the rest of tljC bony wall Whether the floor is depressed as a whole or 
in part when tl^fflossa becomes enlarged depends on how far back the air 
spaces estend 

Normal 

Tlie size and shape of the sella are seen best m lateral projection It is 
important that this should be a true lateral view , wuth rotation of the head 
about the vertical plane a false impression may be obtamed about the dorsum 
and the size of the sella , with rotation about the antero posterior plane the 
floor of the sella may be obscured by the shadow of one middle fossa, or of 
one temporo mandibular joint The antenor clmoid processes (Fig 11) are 



Frr 41 — PJiotograph of the 
middle foBna taken from above the 
ekuJl to show tho relativ e positions 
oftheantenorand posterior clinoKt 
processes 
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aI«o veil Fcen in tlie antcro*post«rior view with 25 degrees tilt ; the dorsum 
scllic and the posterior cUnoid processes can bo seen eitlier in this view or in 
the picture taken with 35 degrees tilt (Fig. 12). 

The normal sella turcica has many \ariations in contour, but most of tliese 
fall into three groups — circular, oval, and fiat (Fig. 42) The average antero- 
posterior measurement of the 
sella at its upper margin is 
a fraction over 1 cm. (varia- 
tions 0'7-l'2 cm.), and its 
average depth is 0*8 cm. 

(variations 0‘5-l'l cm.). Tile 
variations are wide, and it is 
often ^ ery difiicult, if not im- 
possible, to say froB> mea- 
surements alone that the sella is enlarged. The sliape of tho clinoid processes 
and the height and thickne&s of the dorsum scHk a!«o vary greatly. Some- 
times the sphenoidal sinus extends into the dorsilm sella*. Tho anterior 
clmoid process on each side is united to the posterior chnoid process by 
ligaments, and in 5-10 per^ cent, of normal people of nil ages thC’-o Iiga« 
inents are partly or wholly ossified on one or both sides, giring an appearance 
m a radiogram that the sella Is bridged above by bone (Fig. 4.7). But the 


1 2 3 

Fio. 42 — Vanationa m the of tho normal scUa 


apparent bony bridge is only in the interclinoid ligaments, and not in the 
diaphragma RcIIre. 

O'Sified ligaments are rarely seen running betw cen tho anterior and middle, 
■"or middle and posterior elinoid processes. Tlie jiosterior clinoid process is 
eonncclcil to the ai>cx of the jietrous lionc by a hgamentoxis fold of dura, 
known ns the i>etro-clinoid ligament, which is occasionally ossified (Fig. 44). 
.A fold of dum that runs from the posterior limit of the middle fossa to the 
anterior clmoid process L also occastonally ossified. 
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Pathological 

Smallness of the sella appears to be but a variation of the normal, apai 
from rare cases vliere there is pathological thickening of its bony vail? I 
spite of the claim of some clinical endocrmolc^ists to the contrary , there is i 
yet no definite evidence that smallness of the sells indicates \mder developmer 
of the pituitary body 

Enlargement of the sella is produced bj intrasellar tumours and aneurjsm 
or bj tumours and other expandmg intracranial lesions at a distance N( 



FiO 4S — EnlargementofthoMUaturcicain Fjo 40 — Ca^e of large chromophobe ad< 

a case of chromophobe pituitary adenoma noma with right temporal intracranial cxter 
ttoman aged 42 The doraum aclls la eroded a'on \S oroan, aged 48 Thobcllatuicicahs 
and thopoatenorclmoid processes appearto be been grossly dilated and eroded and only tt 
isolated Case No 040 antenor ohivoid processes can be clearly seen 

of tbeso the right la eroded and displaced u| 
wants Cose 217G 

onlj IS the sella enlarged, but its shape is altered, and there is usualh obMot 
destruction also of some part of its bony wall 

Intrasellar tumours include pituitary adenomas, epidermoid tumours c 
the hypophjseal stalk (cranio pharjmgeal tumours), ghoma? of the opti 
chiasm, and cholesteatomas As the tumour increases in size the floor of th 
sella becomes thin and depressed, even below the level of the middle fosse 
whereas normally it lies about I 5 cm above the muidle fossa The dorsui 
sellaj Ls displaced backwards , sometimes the posterior clmoid processes ar 
also displaced backwards , but at other times the mterclinoid ligaments ar 
evidently strong enough to prevent this occumng, and the sella then has ; 
ballooned appearance The destruction may be complete, or almost coropletf 
m the middle of the dorsum, so that the posterior clmoid processes appea 
isolated (Fig 45) There is at times prolongation of the fossa beneath th 
anterior clmoid processes * As enlaig[ement proceeds destruction also occurs 
* In children, forward prolongation of the pituitary fossa 13 often norma] 
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and eventually botli floor and dorsum selJ'D may be reduced to n mere shell 
winch IS no longer visible radiograplueally In parts of the floor destruction 
may be complete and the tumour tlien c’ctcnds into the sphenoidil sinus 



>lo 47 — in t) n expansion ant) iJ<^truetMw> of the eolla turcjcs t v a dilatn] th rd 
%cntr cte (afirr Tmntn^) 

The anterior clmoid procc^sos vvlucli arc strong and he outside the fo«sa, are 
the last parts to be dcstroved, hut even they may be splayed out and displaced 
up« ards by the ad\ ancmg tumour (Fig 40) 

Tlie mechauLsm by which intracmnml tumours at a distance produce cn 
largcmcnl of the sella turcica is readily understood when we recall that the 
\nm— t 
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anterior part of the third ventricle lies immediateh above the diaphiagma 
sellze (Tig 47) Like the lateral ventricles the tluid ventricle become 
great!} ddatecl « hen tumours or other lesions of the posterior fossa or midbrain 
obstruct the outflow of cerebrospinal flu d The anterior part of the third 




b 

Fio 48 (a) Enlargement and th nn ngoftheseda tun. ca jthduappearanc© of the dorTin 

n a case of cerebellar astrocytoma G rl aged 17 

(6) Same case fi\e \earsafter remosaloftumour sho T ng reappearanceofeella CaseNo I 

ventricle then presses down upon tl e d aphragma sellje and if that structur 
IS weak or as it often is deficient at its centre considerable pressure can b 
exerted on the walls of the «ella causing them to expand With long 
contmued pressure the posterior clinoid processes and dorsum sell® tend t' 
be destro} ed from above downwards 



THE RADIOLOGICAL FEATUREis OF THE CRA^^IJM 51 


Enlargement of the «ella turcica from dilatation of the third ventricle may 
•imulato m radiograms the enlargement caused b^ pitoitarj- tumour, and 
moreover ma\ lie associated with the appearance of symptoms like adipo'itv 
indamenorrhcea which are due to secondary 
listurbance m the pituitaiv orsuprapitnitaiv 
mgions Dia£mo~K between thefno tvpoof 
=ellar enlargement mav thus be a matter of 
^at difficult Fig48 shows the sella turcica 
of a girl of 17 who na- found at operation 
to Iiave a evstic and solid astrocvtoma of 
the cerebellar vermis Befor&Operation this 
patient had loecome almost hlind Irom optic 
atronhv and had had amenorrhcca, and the , 

, ,T-l ,, ^ tumour at a listancp 

first radiologutn ho exammedBer hazarded (hx.h vermin twnty'vtoma) 3 lan,B->ed 
a diagnosis of pituitary tumour from the ■** Ca*c \o is 
appearance of the sella turcica Bnrther 

clmical investigation of this case indicated the correct diagno is but m some 
cnses it may be cytremels difheult to be certam of tbe primary eau«e of a sellar 
enlargement 

Enlargement of the «elU tnrtica from tumour it a di tance is not always 

doe to dilitation and doivn 



Fio -19 — Deef^ming of the aelj 



n anl pre sure of the third 
ventricle but ma^ be pro 
duced by tumouis of tbe 
cerebral hemisphere nhich 
do not cause dilatation of the 
third s entncle Tins enlarge 
ment is m our evpenence 
muallv onli sL^jt Turaonrs 
of the cerebral hemisphere 
seem to hav“ greater poster 
of destrovmg the dorsum 
selln than of enlarging the 
sella The destruction 
umallv appears as a thinnmg 
of the yhole dorsum 


0 Then-htp le of floor of sella IS more espan l«rd aa I JJo t}jp radiographic ap 


Iwlowthcfloorofthel fthcle 77>M(« quite ohnous when r , 

^ owed Btereo-cop Will) Ca^No 13 4 guish between the selHr 

enlargements of pituitan 
' amoiir? and tbn^ of raised intraemnial 2>res»nro ? A‘i a rule the more ex 


wnenced the radiologist the more caation& he u» m mteqiretation A er\ great 
nlargement of tlie «ella tv here tbe antero posterior diameter and depth are 
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greater than 2 5 cm is almost invariably due to pituitary tumours In sellar 
enlargement due to generalised nse of intracranial pressure there is not as a 
rule much increase m the depth of the sella though there is often considerable 
increase of the antero posterior diameter but there are exceptions to this rule 

(Fig 49) Irregular en 
largement here one side 
or one portion of the selTa 
IS more enlarged than the 
rest (Fig oO) Ls usualh 
due to intrasellar tumour 
and IS explained by the 
fact that pituitarj ade 
nomas may arise m am 
part of the antenor lobe 
and sometimes eccentric 
ally Hallowing oat oEtlf 
under surface of one an 
tenor clmoid process also 
indicates an intrasellar 
lesion and BO do gross re 
sorption and thinning of 
the floor of the sella 
though tumours at a dis 
tance can also produce this The presence of calcification iMthin or abori 
the sella al&o indicates a local lesion 

Radiographic appearances alone will not always establish the nature ol 
a sellar enlargement in each case therefore the problem should be reviewed 
from the clmical side with especial care Clmically the difficult) is not 
much to separate intrasellar tumours from tumours at a distance such a 
cerebellar tumours as to dis 
tmguish between suprasellar 
(third ventncle) tumours and 
cerebellar tumours Simple 
radiological examination of 
the s^uff often contributes 
nothmg to the elucidation ol 
thB problem but rentncu j „ o2-D,.t„ct o„ „r dor.om .eito w Ihoel eo].rp 
lographj as we shall see is n»ent m two cases of suprasellar ep clermo d tumour 
decisive 

Localised enlargement of the anterior i»art of the sella turcica occurs some 
times in glioma of the optic chiasm (Fig 61) when the tumour extends into 
the optic nerves {Martin and Cuaking) and rarel) also m antenorly placed 
pituitary adenomas or m certain types of epidermoid tumour 
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Dcslrucllon of Ihe sella turcica ina\ occur ujth or without enlargement 
‘structiofi of the ?ella with enlargement already been mentioned 
!stniction without enlargement maj be produced bj suprabeUar tumour 
jg 62), but IS more often due to general rise of pressure within the cranial 
vit^, and IS thus no indication of the situation of the lesion The dorsum 
I'D and jiostcrior clinoid processes arc more readily affected by pressure 
an tlie rest of the sella, omng to their unprotected position Ihe earliest 
imfestation is thinnmg of ono or both posterior chnoid processes with or 
thout thinning of the dorsum In long continued pressure the posterior 
noids and dorsum maj become complctcli destroyed Fig 53 shows a 
ries of cases of tumours of the cerebral hemisphere in which the dorsum 
IItj was thinned or destroyed without general enlargement These changes 



to C3 •— VJtenil on* in iho hcJI/i tureici* prwlui^l by lumoure of the cere) ral hcmi^pltetv 
toiirpaM»« 

ill not bo visible in radiograms until ^clcral montlis after intracranial 
■csstiro liocomes raised and tho\ do not occur in cver^ ca«c of rise of 
•n-'-ejura., v,vh w-ha*!. 'tv 'fs •a/I •hiK'tcivi. ♦Aa- '^f. ’/ih’narrnfrh 

'Cssurc has lieen rehc\cd bj removal of the tumour at operation the dorsum 
imctimcs rcapjicars taking several months to do "so (lig 4b) Suprasellar 
imours not infrccjiientlv produce destruction of the dorsum without enlarge 
cut of the sella (I ig 52) 

Ihc anterior ehnotd processes are not ki rcadilv nflectcd bt pressure as 
10 posterior, and there is rarclv anj great fhnngc m tlicm rvdiologicallj in 
eies of general n«c of intracranial pressure SrhuUer claims that thej ma\ bo 
nnner and shorter m such conditions but ns thc^ varv greatly m sire and 
mpe m normal individuals it is not wise to place pathological significance 
1 such Api>carances when lioth nntenor clmoirl processes look the same 
artial destnictam of one anterior clinoKl process, on the other hand, is an 
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iiG j4 — D B.f, am to 
sho V the relat onsh p 
of the mtemal carat d 
artery to the anter or 
clinO d process 


important earlj radiological sign for ifc indicates an expanding lesion nearbj 
Thus it maj be produced bj a pituitary adenoma growing eccentrical!} 
we have seen it as an early sign in two ca^s of chromophobe adenoma one 
a solid tumour that projected upwards between the 
right optic nerve and mtemal carotid arterj and tlie 
other a cystic suprasellar chromophobe adenoma As 
So'stnan has pomted out destruction of one anterior 
chnoid procras is also seen with an aneurjsm of the 
terminalpartof themtcrn-vlcarotidarter} or its adjacent 
primarj branches (Fig 54) It may be produced also 
b} glioma of one optic nerve Destruction of the sella 
IS reported by Schuller as a result of osteomyelitis 
ayphihs and tuberculosis of the sphenoid The floor 
of the sella maj be destrojed by neoplasms of the 
sphenoidal sinus and b} chordoma 
Thickening of the sella is not common and is usiiall} localised to one anterior 
chnoid process or to the tuberculum sellie It signifies as a rule that there is 
a meningioma nearb} ansing from the inner jiart of the lesser wmg of the 
sphenoid or from the posteiior i art of the olfactorj grooae Diffuse thicken 
mg of the sella turcica in un 
common In one case of our 
series it was associated with 
a largo meningioma of the 
right middle fossa (Fig 5o) 
and it maj also be seen m 
osteitis fibrosa 

Calcification within or 
near the sella is of great help 
in the radiological diagnosis 
of pathological changes m 
the sella turcica The follow 
mg are the more common 
causes of such calcification 
(o) Epidermoid tumour 
of the pituitar} or supra 
pituitarj region 

(5) Suprasellar menin 
gioma (rarely) 

(c) Calcification of the 
mtemal carotid arter} 

(d) Calcification in the wall of an aneurism of the circle of Wilhs 
(c) Glioma of the third vcntncle (rarely) 

(/) Pituitar} adenoma (verj rarely) 



Flo o5 — D ffuse th cken ng of tl o Bella tur( 
floor of the xn ddte fossa m o case of meningioina of thr 
t ght m ddle fossa The pat ent a man aged “’1 also had 
son Recklinghausen s neurofibromatos 3 Case No 



THK'HA])IOI.O<MCAL TKATURUS OF THE 


5.1 


riimlly, il u»|K)rlnnt that tlio rndiotogitt «!touUl l) 0 .'ir in mimi timt certain 
expanding and inilammatory le'>ions «f the pituUury region can gi\ e rKc to the 
chja‘‘mat s\ndrome ntrojdiy and bitomjxinil hemianopia) without pro* 

diiciiig any radiological sign*! of alinormalily of the nOJa turcica. In this 
group are included certain ^n<c■^ of pituitary adenoma arising above or extend- 
ing througli the <!i.\phmgn\a hell.v', supniMillar meningioma, nnil nraolmoiditis 
of the chiasmal region. 


THE BASE OF THE SKULL 

The outline of the anterior, middle, and jKisferior fos-w c.in Ik* f-tvii in profile 
in lateral hlereoscopie projections (Tig. 7), or in planigranw. The surfaie 
anil the %nrious foramina of the Ki«e of the tikull can lie studied hj' frouto- 
occipital (half axiil), sulimcuto-vcrtical (axial), and other si*ccial prtijcctions 
(«cc Chapter I, and Figs, 12 and 13). Pathological chance** of radiological 
*-lgtilficance consist thiefly of thickening or thinning of the Ixme as .*.000 in 
]*rofi!e, and alteration of sire of the foniiniim.nnd of density of the bone, as 
Njcn in the Narmus axial projections. Vascular cliangcs occup. and of these 
the most imjKirtaut !> dilatation of the meningeal xessds, secondary to the 
growth of n. meningioma, nUh corresjKmding mcreaM.* in sire in the fominen 
spinoium an seen in subjjicnto*ierlie.al projection-*. Minor dlfTerenee-i in 
the sire of the for.imcn spinosum on the two *>id<.~« are within JimifK of normal, 
and the foramen may bo ah-ent on one skle. 

In tlic anterior fos«a thickening of the Ikuic Iiclween llie crista galfi nnd 
the tubcrcuUnn t-ellT nsually denotes the j»a"*cnec of an olfictory groove 
meninpionia, but interpretation should l»c lautiuiiH, for in bome normal sktilN 
this part of the bi*-c is thicker tlnn the Hurrounding parts. I'ldckening of 
the orbital roof <Ienotcs nieningioma, sewndary carcinoma, nr fihm-cystic 
di-caso of iione Thinning of the orbital roof may Ik* due to intracranial 
tumour, sucli as cholesteatoma, to orbital tumours, orbital jx*rinstilis, or 
mucocele of the ctluuoiclal or frontal sinus. 

Thickening or thinning of the middle fossa K ilue to mtnitr.ini.il tmnoun*. 
or to genera} }jo:wiVi‘ea‘-c. A? a genera} rit}e, t}te Uitoottrn t}iai emtse H/iekcn- 
Ingof bone are meningiomas or secondary carcinomas ; the tumours that cause 
thinning of the bone arc cholesteatomas niw! other tumours containing fetruc* 
turcs resombling demus nnd ejiidennis, or temporal gliomas of \ery slow 
growth. Inflammatory cybls of the Hphenoidnl binus also by their exp.ansion 
maj' camK) thinning of the middle foNsn. 

G'iic posterior f(>s^a is ycry thick in the luiddlc lino liotwoon the occipital 
protulieranco and tlie foramen magnum, even up to 2 cm. in wnlth Helween 
the inuUllc line and the mabtoi'd process it may txj ^T^y tliiii, as can bo seen 
in stereoscopic nntero*postcrior projections Fathological changes seen in 
radiograms are few*. Tlic presence nnd signinennee of foramtn.v of omLsso^^ 
veins below the external occijiital jirotubcrnun* have already been described. 
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Rarely there is thinning and bulging of one side of the posterior fossa, due 
underlying tumour of slow growth, but it is important to note that t 
appearance may be produced in lateral projections of some normal skulls 
shght lateral mclmation and rotation of tbe head Destruction of part 
the posterior fossa by intracranial tumour is occasionally seen 

The regions of the base of the skull that are of particular importai 
radiologicalh are (1) the lesser wing of the sphenoid (2) the sphenoi' 
fissure and optic foramen , (3) the petrous bone and internal auditory meati 
and (4) the mastoid process 

The Lessee Wing of the Sphenoid 

Normal — The lesser wmg of the splieno 
sometimes called the sphenoidal ridge is b 
studied by postero anterior projections 
which as described in Chapter I, the tub( 
tUted 20 degrees towards the vertex fn 
the long axis of the head {Fig 9) Withe 
the tilt the lesser mng shadon overlaps tl 
of the petious bone, and one of the most i 
portant features of this projection is obscun 
The lesser ning of the sphenoid is seen pa 
mg transversely across the orbit as a rougl 
triangular area of greater density than t 
surrounding parts (Fig 5G} Its narrow bi 
lies medially and is limited b\ the projecti 
of the inner nail of tho orbit The lov 
border of the triangle corresponds to the p 
tenor edge of the lesser wing , it is usua 
a very distinct undulating line The upj 
border is not so sharply defined it cor 
spends to the junction of the lesser wing wj 
the orbital part of the frontal bone T 
apex of the triangle is situated laterally, where the lesser wing joms with t 
temporal portion of the greater wing The sphenoidal fissure lies below t 
itiuec half of tbe les-ser wsug and is usually shaped like an inverted eomti 
Below and external to it can be seen a considerable part of the greater wr 
of the sphenoid bounded externally by a Ime of increased density mnnii 
downwards and medially across the outer part of the orbit This line is 
profile view of the edge of the greater wmg 

The lesser wmg shows more prommently than the other structures sei 
through the orbit because of its greater densi^^y Sometimes it is extreme 
dense and prominent especially in subjects w hose cranial a ault is very’ tluc 
-Is Baud has pointed out asymmetry of the lesser wings m thickness ar 
density may he occasionalh met with m normal subjects 



FiO oG— Diagram of tho normal 
I ght orbit and er wmg of (la 
plienoid as aren in the postero 
anterior projection (a) Roof of 
urbit (6) Anterior margin of lewr 
wing of sphenoid (c) Lesser wmg of 
spheno d (e) Posterior margin of 
lesser wmg of sphenoid (/) Sphenoidal 
luisure (/i) Anter or clinoid process 
( n) GreaterHingofsphenoid 
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Pathological. — Diramiihed densitj of the les<5er wing is sometimes found 
with mtraeraniai tumours It mav be limited to the centre, or raaj affect 
the* whole of the lessei mng, so that its density is no longer any 
greater than that of the adjacent bon\ orbit, and tlie sphenoidal fissure can 
only be discerned witli great difficulty This change may be unilateral or 
bilateral It is usually due to pressure from 'withui the cranium It might 
lie thought that dmnmslied density of the sphenoidal ndge indicates a nearby 
tumour, but this is only sometimes true, for experience has showm that it 
may be associated with tumours at a distance In fact, tumours m almost 
any part of the brain can produce this appearance, sometimes on one side 
only , and then either ip^olateral or contralateral to the lesion Unless 
interpfcted with caution, therefore dimim«hed density’ of one lesser wing may 
l>e a misleading sign In one of the early' cases of Vinexnl's senes the 
exploration was done on the WToug side owmg to the X ray appearance of 
ilimmished density on that side Tlie only safe rule m cases where there is 
obvious rise of intracranial pressure is to regard diminished density of one 
leaser wmg as of no localising \alue and merely as radiological mdication 
of raised intracranial pressure Datul thmhs that it may be due to 
dilatation of the ipaolateral ventncle, and that this accounts for the frequency 
with which meningioma of one lesser ^nng of the sphenoid is associated 
with diminished radiological density of the lesser wing of the opposite side 
Jn Vincent’s whole senes of twenty three meningiomas of the lesser wring, 
David found erosion of the Ie>ser wing on the side of the tumour m five eases, 
uul on the opposite side m tliree 

Diminished density , due to destruction of the lesser wmg of the sphenoid, 
]». sometimes found when the hone is iniaded by secondary neoplasm, but it 
n then often associated with thickening of other parts of the lesser wing from 
lormation of new bone Dinunished density’ of the les-'Cr Avmg is also seen, 
though rarely , as a result of extradural ev'ds arising from the sphenoidal smas, 
uid m congenital absence of the superior orbital walls 

Increased density may be a normal phenomenon associated with thickening 
£if iiie sif f.hfi ncanuinv -it js .not -hk/‘l,r tfl nausn nonfu'iim? ao 

when it is bilateral However, if intracranial pressure becomes raised by a 
tumour det eloping w ithm such a skull, there may’ be thmnmg of one lesser wing, 
tnd the other hy’pertrophic wnng may then suggest the presence of pathological 
i)ony’ thickenmg True pathological bony thickenmg i» found in a certaui 
percenta^ of meningiomas of the lesser 'ving, m seven of twenty three cases 
reported In Dai id It may be localfc.cd to part of the lesser wmg or may be 
generalised it then frequently spreadsmoneofthreedirections medlallymto 
tiie anterior clmoid process and ‘sella turcica , or laterally and foiw'ards to the 
outer wall and roof of the orbit or to the region of pterion (Fig 67) , or back- 
wards into tlie middle fo>sa IVhen the orbit fc involved unilateral exoph- 
thalmos occur', often of cvfreme degree With widespread hy'perostosis of 
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this nature the underlj mg meningioma IS usuallj cnflaqve lliese appearances ' 
may be produced also by metastatic tumoui of the Icssei Ming and adjacent 
bone 

Unilateral Exophthalmos 

The importance of radiological examination of the orbit and optic canal 
in cases of unilateral exophthalmos cannot be too strongly stressed for in ! 
a considerable number of cases the causal condition eiises Mithm the cranium j 



1 10 j 7 — Hjperositosis of sphenoid and roof of orbit n a case of meningioma en 
Progress proptos s of one eyeball for eight jeare Woman aged 47 Case 'No 1766 

or extends from the orbit into the cranium without giving anj clinical 
sign of intracranial disorder Ihe following are the most important 
causes of exophthalmos 

(1) Tumour or the Orbit — tumour maj ari'e in the optic nerve and 
extend backwards through the optic canal in winch case the canal can usual!' 
be seen radiologicallj to be enlarged Most orbital tumours, however do not 
produce radiological signs though some meningiomas are calcified 

(2) JIucocELE OF Froxtah OR Ethmoidai. Sinuses 

(3) Osteoma of the Obbito hthmoidah Region 

(4) Intracranial Tumours invading the roof of the orbit such 
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meningioma aiul secondary carcinoma, oi pre^smg on the roof of the orbit, 
causing excc&sn O' resorption and thinning, such as cholesteatoma 

(6) Lesions OF ncE Ca\ ERNOUS Sinus including arterio venous aneur^’sm 

(6) CoNOFNiTAnDEFiaENcv OF THE Rooi OF THE Orbit 

(7) ExoPirmALMic Goitre ami the allied condition of exophthalmic 

oplithnlnioidegn, described bj Bram 

The Optic Canal 

Normal — ^The optic canal runs 
from the outer aspect of the optic 
groove to the orbit, and through tt pass 
the optic nerie and the ophthalmic 
arterj It is 4 to S mm in length and 
IS directed dounnnrds and outuanls 
making an angle of 30 degrees vith the 
sagittal plane The a\ erage measure 
ments of the nonnal canal are 4 2 x 4 3 
mni m cross section, and the inaMimuii 
diameters are 5 3 >< 5 G mm (Fig 17) 

It 18 probable that an\ measurement 
above G mm can bo considered as 
pathological A measurement of Ie«s 
than 2 8 mm ts considered Coalntn 
to be abnormallj small TJiese abso 
lute measurements are unportant but 
thej cannot be relied on m diagnosii, 
since the changes in si/e of the optic 
canals produced bj disease are usualla 
of smaller range than the normal \nna 
tions Consequently, m practice it is 
better to take radiograms of each optic Boj aged 

nsiiaJ, AO iw™ ase^o 

side, and to compare the suspected canal u ith its fellov For further detail^ 
the reader is referred to tlie a\ork of Goahiin 

Pathological — ^The optic canal is seen m special inojections, already 
described Mien occupied bj a tumour it is enlarged Tiie greatest 
enlargement is from a glioma of the optic nerve (Fig 78) Enlargement niaj 
also be caused bj a meningioma or pituitary adenoma extendmg into tlie orbit 
In pituitarj tumours of long standing, where there is gre it enlargement of the 
sella and severe loss of sight, the optic canal should alua>s be examined radio 
logically, for if the tumour extends into tlio orbit, there is little chance of 
improving the patient’s vision by an operation Fractiu^s of the anterior fossa 
sometimes extend back mto the optie foramen, producing partial or complete 
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blindness on the affected side These fractures are -verj difficult to see 
m radiograms 

In special projections for the optic canal the sphenoidal fissure is well 
displaced below and to the outer side of the optic canal Jefferson and 
Tunning have pointed out that the medial end of this fissure may be enlarged 
m intracranial aneurjsms and at the same time the bridge of bone between 
the fissure and the canal becomes thinned 

The Petrous Bone and Internal Auditory Meatus 

The petrous bone is well displayed m stereoscopic antero posterior radio 
grams running across the lower half of the orbit or if the tube is tilted m a 



Fig 50 —Fro on of npex of left petrous bone m a case of acount c neunnoine Woman 
agelo* Case No 1418 


cranial direction appearing abo\e the supra orbital ridge It is a very dense 
bone and it does not often show gross changes m intracranial tumours Occa 
sionallj the apex of the petrous bone is destroyed by an acoustic tumour 
(Fig 59) or by secondary carcinoma This last is a not uncommon 
lesion the carcinoma spreading from a concealed primary carcinoma of the 
naso pharymx and giving rise to synnptoms of a tumour of the cerebello 
pontine angle Cyst like spaces also are found m cholesteatoma of the petrous 
bone (Jefferson and Smalley) 

Radiological examination of the middle and internal ear is a special 
study m connection with otology and the internal auditory meatus is the 
only part of the ear on which the radiologist is asked to report for the 
purposes of neurological diagnosis The methods by winch the internal 
auditory meatus can be displayed ha\e already been described The value 
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of tlie information obtained is not great, but unU be discussed further when 
acoustic neurinomas are bemg conadered (see Chapter IV^) 

By his detailed studies of the petrous bone Slentersh^is been able to displai 
many fractures of the petrous bone that ire missed in ordinary radiograms, 
and he has also shown m a certain nnmber of acoustic tumours not onlj 
widenmg of the internal auditors meatus, but also diminished density of the 
apex of the petrous bone from pressure of the tumour iymg behmd it 


CALCIFICATION 

A. Physiological 

Calcification occurs as a normal phenomenon m adults m the pineal body, 
the choroid plexuses of the lateral Aentneles, and m certam parts of the dura 
mater Bone also ma\ be found in the dura 

The Pineal Body — Calcium is deposited in the central part of the pmeal 
body as age advances It has no pathological significance, and probabli 
represents a normal degenerative change m a structure which in foetal hfe 
and uifancy is histologically active and perhaps exerting some as jet 
unJvnoivn function The frequency with ujuch calcification is seen radio 
logically throughout all ages is about 50 per cent It is seen rarely in the 
first decade, in about 20 per cent of indtiiduals m the second decade, and 
thereafter it is much more common 

The pineal body lies m the middle hne slightls above and behmd the level of 
tlio iietrous bone When calcified it is readily seen m lateral pictures, but not 
so easily in the antero posterior plane, u here its sliadow is apt to be obscured by 
the accessory sinuses or by the density of the shadow of the occipital bone The 
best method of displayong it m tlus plane is to use the antero posterior projec 
tion with 35 degrees tilt (Fig 12) 

The pmeal shadow vanes m size from a pin head up to I cm m its longest, 
antero posterior diameter It may be a smgle small circular opacity, or a 
round or oval cluster of small calcified areas An area of calcification m 
the pmeal region larger than 1 cm m its longest diameter suggests the 
possibility of a pineal tumour, especially in a patient below the age of 
20, but no radiological diagnosis of pmeal tumour is conclusive without 
ventnculographj 

The pmeal shadow is often displayed from its normal position by expandmg 
intracranial lesions, and this fact has been used by Kqffziger as an indirect 
method of diagnosing the situation of the lesion Takmg true antero posterior 
pictures by the method described above, he has found that when intracranial 
pressure is raised, as sboivn by the observation of papillcedema and other 
clinical signs, lateral displacement of the pmeal shadow indicates an expanding 
lesion m or on tlie opposite cerebral hemisphere In some cases this inav 
prove a valuable aid in diagnosis (Fig 00) Vasltne and Kinney, and Ltlga 
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have attempted to measure displacement of the pineal body an horizontal a 
coronal planes The^ have been able to sho\v that vertical and horizon 
displacements of the pineal sliadou do occur in intracranial tumours I 
their method is not as yet precise enougli to be of \ alue m diagnosis since 
Dtjhe has demonstrated the pineal shadoiv of certain normal mdividua 
especially those v ith dohcocephalic skulls may be outside the limits of th 
normal zone 

The Choroid Plexus — Calcification may occur in the choroid plexuses 
tiie lateral \entricles and rarely ossification as a sequel to the degenei 
tion of aascular loops of the plexus and of the connectue tissue arou 



Fia (pO Dsplaoemcnt of pneal shadon to the left in a cmp of a \er}’ large spong 
I lastoma mult fonric of the r ght occ p t&l an i temporal lobes in a woman aged 53 Ci 
No S'’06 


them Each aessel is replaced by a lube or ring of calcium and oth 
salts The process occurs most coininoiuy (or most intensely) at the junctK 
of the body and inferior horn of the lateral ventricle and rvlien the calcifi' 
rings are numerous they cast a famC shadow which vanes usually fro 
0 5 cm to 1 6 cm in greatest diameter (tig 01) The shadow is seen 
be composed of a number of small calcified pomts its outline is usual 
slightly crenated conforming to the outline of the choroid jdexus It 
usually bilateral and the two shadows lying 1 2 cm below and 2 3 ct 
behind the pmeal shadow make with it an equilateral triangle when vievi 
stereoscopically Only one choloid plexhs may throw a shadow and thf 
there is a risk that it may be confu^^ with the pmeal sliadow TI 
shadow of a calcified choroid plexus is jusually larger and famter than tl 
pineal sliadow It is situated farther tock and at a lower level than tl 


pmeal shadow and occurs less frequently ^bemg present m about 5 per ( 
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of imlmdiials of all igcs [Dtjle) Unilateral calcification of the choroid pleviis 
imj bimulate the c deification of a deep •seated ghomn hut the diagnosis can 
be settled ba aentnculogiapha 

Occasioinlh the « hole of the choioid plevus maj cast a shadoai as in the 


>ir < I — (.alcireu cl tiro 1 plcxn e» Atitcro posterior and latcrol pi-ojectioii 

case of a girl mIio had a incDingioiua of the right cerebellopontine angle 
In another cise a man with bilateral acoustic neurinomas and multiple 
meningiomas botli lateral choroid plexuses were completel\ solid and 
Mxible m radiogtains HistoIogicalR t!ie\ wore composed of \era numeroits 
I ‘•ammonia bodies 





* >10 Ci — n gencmtion ot bonr on tl o dura oxer Ihe cetobeilnm nine jears after cereljollar 

^Iccoinprca-j < n in a 15 jear al I j: rl for umenred cerebellar tuberculoma Several silver cl ps 
roa (-*0 8e<-H Crt'<o No "7 

^ The Dura Mater — ^Tlic dura mater has the power to form bone, a-s is 
'’hown In the new lione that often appears m subtemporal or cerebellar 
^lecompresaions particularli in children (Fig 62) It is therefore not sur 
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pnsing to find bonj plaques on different parts of the dura as a normal 
phenomenon They are found most commonly on the falx (in nearh 
7 per cent of normal individuals accordmg to Dyle), and though attempt's 
have been made to vest them with pathological significance, no convincing 
case has as jet been made These plaques can occur on anj part of the 
'i falx and are of varymg dimensions Thej are best seen m antero postenor 
projections, and are often difficult to discern in lateral pictures, on account of 
their thmness Sometimes they have a low conical form as seen in antero 
posterior pictures, and maj be mistaken for calcification in the base of n 
meningioma of the falx itself a rare phenomenon There is no radiological 
method of distmetion other than ventriculography Symmetrical plaques 
are sometimes seen m the dura on either side of the sagittal sinus and ha\ e been 
called, by 0 Sullivan, rdrobregmatic ossijicalions 

Other parts of the dural envelope may become opaque to X rajs Bon\ 
or calcified plaques may occastonaUy be seen in the tentorium cerebeUi The 
petro cimoid ligaments, running from the apex of the petrous bone to the 
correspondmg posterior clmoid process, are sometimes ossified (Fig 44), and 
are then «;een m lateral radiograms as linear shadows behmd the dorsum sella; 

B. Pathological 

Thm plaques of calcified material may occasionally be seen, especially ui 
children scattered over the dura of the convexity of the cerebral hemisphere* 
or over the dura of the cerebellum, as a result of long*contmued mtracranial 
pressure It is probable that they represent the final result of areas of 
hyaline degeneration so commonly seen as jellow flecks in the dura m cases 
of chronicalij raised intracranial pressure 

Dural and Subdural Calcification — ^Fragments of ectopic bone are occasion 
ally found Ijing loose on the surface of the bram, usually on the convexity 
near the sagittal smus In the cases we have seen they were associated with 
epilepsy due to birth mjurj 

A few cases of very chrome subdural hsematoma have been reported w 
which the whole of the clot was calcified Calcification may occur in chronic 
otitis m the dura o\ er the tegmen tjTnpani 

Brain Calculi — Jlultiple or single patches of calcification may occur m the 
brain substance, usually in the form of small circular or triangular areas of 
uniform densitj w ith sharp margms They are usually associated w ith epilep* 
and mental deficiencj , and sometimes with hemiplegia Sometimes there i3 
history of mjury, when the calculi are probablj’ the result of old mtracerebr 
hjemorrhage, often at birth or m infancj Often, however, the condition 
familial, and the calcium is deposited sjmmetrically in the basal ganglia ar 
dentate nuclei, and is w idely spread throughout the w hite matter Dandy h' 
observed large, bilaterally sjmmetncal, areas of calcification m the walls > 
the anterior horn of each lateral ventricle The calcium appears to 1 
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deposited m tbe first instance in the Malls of the capilhnes and then spreads 
to the pernascidar s^iaces and adjacent tissue, and one area fuses mth another 
RioHortega has studied a case m which there Mas widespread dejiosit of 
calcium Mithin the nerve cells of the cortev 

Neoplastic Calcification — Calcification occurs in almost anj variety of 
intracranial tumour It is most common m the glioma group, particularly m 
supratentorial astrocj'toma and oligodendroglioma, but also m ependjunoma 
and in the more mahgnant glioblastoma midtiforme The calcification may 
be very den^e or scanty , diffu'sely scattered through tlie tumour, or limited 



hir 03. — Calcifietl wtrcx.^'toma in right baMil ganfdia Woman aged 23 C&so No 2129 

> one small part of it It scarcely e\er mdicatcs the true si^e of the tumour 
Hien it IS m the form of a spra> of fine lines or dots it usuall\ mdicates 
11 astrocj'toma (Fig 03) A broad line of calcification of \ aiding width uj) 
9 1 cm , extending in a rather tortuous, course for distances up to several 
entiinetres, usually signifies an oligodendroglioma (Fig 143) Ajiart from 
hese two varieties there is nothing m the appearance of the calcification that 
ivcs a clue to the t\ 7 )e of ghoma The presence of extensile calcification in 
tumour suggests that the tumour is of slow growth and one in m Inch the 
irognosis after surgical remos-al should be favourable but this is not m 
anably true There is a growing aolume of eandence in fa\our of the aieu 
Num — 5 
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that some gliomas tend to become more primitive m type, and more malig 
nant, as their growth proceeds A glioma may show well differentiated an( 
orderly growth in one place, and undifferentiated and unmistakably malignan 
type of growth m another 

In a number of gliomas tlie area of calcification is extremely small 
sometimes no more than a few flecks that can onlj' be found bj the raos 
careful stereoscopic study of radiograms taken with soft penetration It i 
curious that calcification is scarcely ever seen in subtentorial tumours, thougl 
it has been reported bj Afosson m a cerebellar medulloblastoma Some o 
the most extensnc calcifications are found in the cerebral gliomas of joun| 

children 


jlfemnffiomas are sometime; 
calcified, owmg to the formatioi 
of many psammoma bodies u 
their substance, and the tumou 
18 then visible through tbi 
whole of its extent as a homo 


I \ geneous shadow, usually o 

) . ‘A little densitj, with a circulai 

' „ n or lobulated outlme (Fig 139) 

* ./At other times the tumoui 

t v - ' / ruaj be calcified m one pari 

'■v J onlj (Fig 140) and then mosi 

f* (/ * ^ 

attachment to the dura or else 
where at the periphery Ossi 
fication may also occur m a 

Pic. 04 — Intiacramal teratoma m a male aced n 

24 jear« showing numerous teeth TJier© is also n ^ » j ^ 

enlargement of the head (Dr K A C Ilipliya EpiutrtnOKl tutnours \CT9MX0 

case ) pharyngiomas) are commonl) 

calcified and rarely ossified 
The situation of the shadows within or abo\c and behmd the sella, makes the 
diagnosis of the patbologj of the shadow practically certain, and the maffl 
difficulty in radiological diagnosis is the demonstration of the calcification 
when it IS slight Sometimes the shadows are no amaJI and faint that the’’ 
are onlj detected in under exposed films at other times so dense and 
tensive as to indicate clearly, not onlj the pathologj of the tumour, but 
also the great surgical risks entailed m its removal 

Tuberculoma (Fig 147) tends to become calcified in its chronic stage, and 
then 13 frequently multiple As Purdon Jfar/m has shown, the shadow may 
he spherical or lobulated , it xanes m densitj , being usually greatest at its 
edges, which are sharplj defined and ctenated 

In tracranial oMeomas gixe a very sharply defined, homogeneous shadow i 
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ienser than in other tumours Tlie\ are «suaU\ attached to the base of 
the skull 

Angeiomaiotis formaiionji uhen calcified shou a characteristic shadow 
in a background of stippled shadow there are double parallel lines of greater 
ilensitr which from their si2e and appearance suggest calcification in the walls 
af hlood TCS. cb though in fact the calcium i depO'^ited not m the t e'ssel 



■ f j — Tna xu»l 1* Acfort-Jp of r J&nnlaJ Join* JlcoJo roU oDwll Iraet jftlhrtuyrJi 
ml s w and injur) to n I f opt c none ai d lioth otfactor) tra ts Fle%tn later 

1 1 n -p nal rl morrlitra nn 1 nierm ttent I ft I em pare .la The a r shown n the radjogram 
ent r»h w tl nllcfnniall l*o Tlerlul 1 ape I project on into tl 0 aerocele { \) coiroepond 
\ su! t tato No 10 

ills but in tic brain cortcN (hig lol) In the arteriovenous tvpe of 
gciomatous malformation a small fleck of calcification ma\ lie seen which 
'cmbles the calcification of some gliomas 

Ttiwotirs — \mong common tumours that rareU cast shadows must 
mentioned pituitnra adenoma and metastatic tumonr Teratoma a rare 
motir mat cast a dense shadow exen showing the formation of teeth 
ip G4) In cx>tictrcosi the intracerebral c\^ts occasioiialh become calm 
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fied, like sticerci here in the body, and show as multiple small fau 
calcified nodules (Fig 148) 

Cerebral Aneurysm 

Aneurysm of the internal carotid or mam cerebral arteries sometu 
becomes calcified in its wall and shons m radiograms as a circle or j 

of a circle (Fig !■ 
Linear streaks of calcif 
tion are rarely seen al 
the course of the mam 
tracranial artenes m se\ 
itheroma 

AEROCELE 
Air may make its \ 
mto the cranium in ca 
of fracture of the anfei 
and middle foss* irl 
there is usually also ee 
brospmal rhinorrhcea 1 
air may be subdu: 
(Fig 83) or rntncerel 
(Fig R5) and may ei 
find its May mto the n 
tricles producmg a spi 
taneous ventnculogra 
Similar appearances '< 
sometmies seen m ca'ics 
osteoma of the accessc 
smuses of the no«e irb 
the tumour in its expansion destroys the orerlyung skull and dv 
(Fig IG2) Air has also been found m cystic cavities at tlie base of t 
hram such as those of ejudemioid cysts (Fig 66) In abscess of tlie hrs 
gas is often formed but onl\ on rare occasions is it m sufficient quantity to 
cfemonstrshfe racfiofogica£f\ 



Fic 6r Supra cllar aerocete foxind after head isjurv 
m a woman age 1 who showed b temporal hemianopja 
and failure of Ms on Tie eyniptoma cleared up com 
pleteJy with absorption of the air and did not recur in the 
ensu ng fvo >ear^ The seJIa turcica *how^ groRn de 
struction Case No IIISO 
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CHAPTER III 


VENTRICULOGRAPHY \KD EXCEPHALOGRAPHY 

Contrast siedia ^\erG first u'^hI in ndiogtajihic study of the cerebrospinal 
fluid path^ajs in 1918 Mhen Dandy injected air into the \entricles in cases of 
infantile hj drocephalus Tlie method u-as goon found to bo of great lalue m 
locabsing intracranial tumours that gave no ccrtam indications of their site bi 
clinical and ordinary radiological methods The air was introduced bi 
boring a hole in the skull and tapping the \entrjcle, but later Dandy found 




Fia 67 — Cerebellar meUulloblftstoroa 
Note the white plaques of metastatic tumour 
on the medial aspect of the frontal lobe 
Case No 35» 


bic 08 — Glioma of the posterior half 
of the third \entricle and adjacent thalami 
producing gross dilatation of the lateral 
ventwelea Case Iso 187 


t’nat satis! iclorj pictures could also \>e obtained in certain cases when it u as 
injected bj lumbar puncture with the patient sittmg up Bv this route not 
only the ventricles but also the subarachnoid spaces were filled This method 
13 called tnct'phnlographj as distinct f^mtentncidography, m which the air is 
introduced directl> into the \entncles 

The value of contrast media m the ventncles depends upon the fact that 
practically e% erj expanding and every contracting lesion of the bram produces 
some defornnt} of the lentricular system Tumours of the jiosterjor fossa 
sooner or later block the fourth aeutncle and produce dilatation of the tiurd 
and lateral ventricles (Pig 07) Tumours in the third aentncle and its 
neighbourhood aho produce sy-mmetrical dilatation of the lateral ventncles, 
but they obliterate part or the whole of the thirtl ventricle (Eig 08) A 
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tumour m one cerebral hemisphere dtsplaces the lateral and third ventricles 
to the opposite side the lateral ventricle on the side of the lesion tends to 
become collapsed while that on the opposite side ls usually dilated (Fig C9) 
This displacement is not due to the bulk of the tumour alone but also to 
oedema of the surrounding vihite matter for it will occur even when the 



Fid CO tentre lar <i placement produ ed b> ^ic 70 — Ventncular I placeoeitpro 
a spong obla toms of the temporal lo)>e Ta c ducedby amenmg omaontherurfacooftha 
No ll<) frontal lobe There is great cadema of Ihe 

wh te matter l>eneBth tie tumour Case 
No ‘>3 

tumour IS quite small and at a considerable distance from the ventricles 
(Fig "0^ Similar alterations of the ventncular sjstem are produced 
bv abscess massive lijemorrhage and otlier coarse lesions of an expand 
ing character 

Scarring of the brain following severe injuries oi degenerative lesions is 
associated w ith dilatation of the adjacent part of the v entricular system and 
often of the overljing subarachnoid space In these cases such lateral dis 
placement of the ventricle® as occurs is towards the side of the lesion 


THE ANATOMY OF THE CEREBROSPINAL FLUID PATHWAYS 
Most if not all of the cerebrospinal fluid is formed bv the choroid plexuses 
of the ventricles Its course is shown m Fig 71 From each lateral ventricle 
fluid* passes through the corresponding foramen of Nlonro mto the third 
ventricle then through the narrow aqueduct ofSjlvius mto the fourth ventricle 
It leaves the fourth ventricle bj one posterior ojiening the foramen of Alagendie 
and tw o antero lateral openings the foramina of Luschka which he one on 
each side of the medulla oblongata The fluid then enters the subarachnoid 
space and ultimately finds its waj to the surface of the cerebral hemispheres 
where it is absorbed into the dural blood amuses through the arachnoid vilIi 
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jJusters of endothelial cells in the araclmoid inenibrane, n bich are embedded 
in the superior longitudinal nnd other venous sinuses WTien hypertrophied 
vnth advance of years, 
the villi are called 
Pacchionian granula 
fcious Some cerebro 
spinal fluid mav also be 
absorbed b^ the capil 
lanes ^vitbm the bram 
itself, or bj the choroid 
jilexuses, but this is 
probablv onU a small 
fraction 

In normal adnlts the 
amount of cerebrospinal 
flmd m the \entncular 
and subarachnoid spaces 
vanes between 70 and Fu 7I —D agrom of\enlnniIarBy8tem 

ISO cc The normal ^ 

lateral ventncle iias a capacifj of S-n c c but when dilated in severe hjdro 
oephalus from tumour or anj other cause it lDa^ contam over 100 c o of 
flmd The normal pressure of thw fluid m the wntncle or m the lumbar 



Fio 7^ — iltxlel of tl e >entnciilat ajatem Lateral and antcro iKi^tcrior projwtions 
(After 


ubarachnoid space, with the patient relaxed m the horirontal position 
anes between 70 and ISO mm of water Jncreace of mtracranial venous 
pressure, as bi coughing or compression of the internal jugular aeins in the 
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neck, produces a prompt nse of cerebrospinal fluid pressure in the ventricles 
and m the lumbar subarachnoid space 

The normal rate of formation of cerebrospmal fluid in man has been 
estimated at about 400 c e a day» but there must be considerable variation' 
depending on posture, exertion and other conditions which influence venou' 
pressure and on the ingestion of fluids and salts which influence the osmotic 



Fig 73 — Horizontal section throi^h th« braia jer) (From ) 


pressure of the blood The rate is altered in a varietj of pathological cou 
ditions In intracranial tumour in certain conditions the rate of formatioi 
IS evidently mcreased to manj timesnormal Injection of air into the ventnck 
probably increases the rate of formation 

The anatomy of the ventricles and their relationship to one another cai 
best be studied by means of a model (Fig 72) 

The Lateral Ventricle (Fig 73) consists of a body, anterior, posterior, anil 
descending boms 

The Aitterior Horn is that part of the ventnde which hes antenor to 
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foramen of Monro. It is rougWy triangular in section, and as it passes fonvards 
Over the head of the caudate nucleus it gradually curves downwards and 
laterally. The anterior horns are separated from one another posteriorly only 
by the thin septnm lucidum, and anteriorly by a considerable amount of 
brain tissue. The roof and anterior wall of the anterior liorn are formed by 
the corpus callosum ; in the lateral wall is the caudate nucleus. Tlie septum 
lucidum, which constitutes the 
medial wall, is composed of two 
thin laj’ers within which lies a 
small space, the cavum septum 
pellucidi, or cavum Vergie (Fig. 74). 

The Body of the Lateral 
Ventricle extends backwards 
from the foramen of Jlonro to the 
trigone, which is the meeting-place 
of the body, posterior, and descend- 
ing horn. It IS roughly triangular 
in section, its roof being formed 
by the corpus callosum, its medial 
w all b 3 ’- the septum lucidum, and 
Its floor from wthout inwards by 
the caudate nucleus, the choroid 
plexus, and the upper surface of 
the fornix. Beneath the choroid 
plexus and the forms at this level 
lies the optic thalamus. 

The Posterior Hobs passes from the posterior end of the body of the 
ventricle into the occipital lobe. Its length is very variable, up to 3 cm. ; 
not infrequently it is totally' absent on one or both sides. On section it is 
roughly circular. Its medial wall presents two projections, tlie upper the 
bulb of the posterior horn, the lower the calcar aris, which corresponds to 
the anterior part of the calcarine fissure. 

The Descending Hobn (Fig. 71) is a continuation of the lateral ventricle 
into the temporal lobe. It arises from the posterior part of the body of the 
ventricle and passes forwards, downwards, and laterally around tlie optic 
thalamus and lenticular nucleus. Tlie anterior tip of the horn curves medially 
and sometimes dowmwaKls, ending 2 to 3 cm. behind the extremity of the 
temporal pole. The medial part of the floor of the descending horn presents 
throughout the whole of its course a prorainent elevation, the hippocampus, 
which is partly covered by choroid plexus. This elevation appears at times 
to prevent complete filling of the descending homwth air, so tliat in ventri- 
culograms the horn looks extremely narrow. 

The Third Ventricle (Fig. 75), into which thelateral ventricles open through 
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the foranuna of 'Monro is a narrow vertical cleft, situated m the middle line 
between the two optic thalami It measures 2 5-3 cm m height and is 
‘slightlj longer m its antero posterior axis At its anterior inferior extremity 
it presents a funnel shaped extension 
into the stalk of the pitmtaiy body 
(recessus infundibuh), and another 
recess above the optic chiasm (recessus 
opticus) In its centre the third 
ventricle is crossed bj the middle 
commissure (massa intermedia), a band 
of grey matter of variable size joining 
the optic thalami At its posterior 
inferior end the third ventricle opens 
into the aqueduct of Sylvius Above 
this opening is a small recess into the 
stalk of the pineal body (recessus 
pinealis) 
ventricle is 

cmercum and contains the hyTXjtfaalamic 
nuclei while posteriorly it is formed by the corpora mamillana and cerebral 
peduncles The anterior wall extends from the optic chiasm to the anterior 
commissure which lies iramediatelv m front of the foramma of Monro 
and 18 formed b\ a thm layer of grey matter (lamina cmerea) On the roof is 
the velum mterpositum an mvagmated fold of the pia mater contammg the 
two choroid plexuses of the third ventricle, and above that he the fornix and 
the corpus callosum 

The Aqueduct of Sylvius is a narrow channel passmg through the midbrain 
to connect the third with the fourth ventricle It pa's'^es downwards and 
slightly backwards and is 16-2 cm long and about 0 2 cm m diameter 
Above and behind it is. the quadrigemmal plate, below and m front the teg 
mentum of the crura cerebri 

The Fourth Ventricle is triangular m lateral projections and rhomboidal m 
form m antero jiosterior projections In front of it he the pons and medulla 
oblongata, the postenor surfaces of which form the floor of the fourth ventricle 
behmd it lies the cerebellum At its lower end postenorlr m the middle hne 
IS the foramen of Magendie, leading mto the cistema magna, while laterallr 
the lateral recesses of the ventricle lead through the foramina of Luschka into 
the cisterns of the ccrebello pontme angles 

The Subarachnoid Space communicates w^th the ventricular system by 
means of the foramen of Alagendie and the foramina of Luschka At the base 
of the bram and at the junction of the mid and bind bram at the 
opening m the tentorium cerebelli it forms a senes of cisterns of considerable 
extent of which the largest is the etslema magna Ijmg oier the back part of 


Antenorly , the floor of the 
largely formed by the tuber 
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the cerebellir tonsils and medulla oblongata On the base of the brain 
extending from behind forwards are the ctsternce ponlis, tnlerpedtinctdarts, 
and chiasmalts There are other cisterns, some named and others unnamed 
They are frequently outlined m encephalograms In passmg from the cisterns 
of the posterior fossa the cerebrospinal fluid must go through the opening of 
the tentorium cerebelh here the subanchnoid spice is narrow and it is 
therefore not surprising tliat blockage commonly occurs at this site, producing 
external (or communicating) lydrocephilus 

Where the arachnoid passes over the summits of cerebral convolutions it 
IS so closely bound to the subjacent pia mater that the subarachnoid space 
IS virtually obliterated but m the mtervals betueen the convolutions in 
the fissures or sulci the subarachnoid space is vnde enough to be seen in 
encephalograms as hues of air that correspond m size and direction to the 
fissures of the brain 


NORMAL RADIOLOGICAL APPEARANCES 
In normal |ieople the rentncuhr system shows such considerable variations 
m size that no precise measurements have been established The distmctioii 
between ventricles that sliow a small degree of hvdrocepinlus and ventneles 



Fio 76 — \ entnculogram tmd diagram of noitnal lateral projection TIjo numbers ero explained 
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that are m ithin the upper limits of normal often cannot be made from the 
studj of ventriculograms, and appearances can only be mterpreted in the light 
of the history and physical signs Variations in shape and extent occur in the 
ventricular horns from one normal subject to another, and, m the same subject, 
from side to side The anterior horn mar show a small indentation at its 


postero inferior limit , the posterior horn is not mfrequentlj absent on one or 
both sides and ma\ show vman^ other variations , and the descendmg horn 



\ anes greatly m the length 
and direction of its anterior 
extremity In the third 
ventricle the middle com 
missure is sometimes s( 
large as to simulate s 
tumour 

The lateral projectior 
offers no difficulties of mter 
pretation {Fig 70) In th« 
antero posterior and pos 
tero anterior projections 
shadows maj be supenm 
posed on one another and 
they require some analysis 
Tins can best be done with 


a ventricular model, aftei 
the methods of LocLe, and 
Torhldsen Fig 77 shows 
the normal antero postenor 
view and a diagram inter 
pretmg the shadows in the 
hght of a ventricular model 
rio 77 — \ontr)tiilograin an I tJiapvm of normal Shadow 1 is cast by the 

antero po tenorpiojortjon The niiml>ers are explained anterior hom, shadow 2 DJ 

in the text the junction of the anterior 

liorn "With the body of the 
^entncle, shadow 3 bj the mam part of the bodj of the ventricle, shadow 
4 bj the posterior part of the bodj of the ventricle shadow 5 (not often 
seen in tins projection) by the posterior hom, shadow 6 bj the descending 
hom, shadow 7 by the tlnrd ventricle, and shadow 8 bj the fourth ventricle 
In the postero anterior projection (Fig 78) the shadow s are agam numbered 
according to the description given abo^e 

In the antero posterior projection the third ventricle shows as a vertical 
slit immediatelj "below 'and shglitlj o\erlapped bj the septum lucidiim fr 
the postero anterior projection the third ventricle presents a much smaller 
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sliadow, because, as a nile, 
in the face-down position 
only its posterior part is 
occupied by air, and this 
part has a smaller vertical 
diameter than the anterior 
part. The projections 
necessary to get satisfactory’ 
pictures of the third ven- 
tricle %nn be referred to 
under Technique. The 
lateral view of the third 
ventricle is shown in Fig. 
76. The shadow is, of 
ourse, fainter than those of 
he lateral ventricles be- 
ause the third ventricle is 
o narrow. Interpretation 
f the shadow presents no 
lUficulties if the ventricle 
an be well filled b}’ suitable 
nanipulation of the head, 
hough the shadows of the 
lescending horns are often 
uperimposed on that of the 




Fio. 78. — Ventri- 
culogram and dia- 
gram of normal 
postcro anterior pro- 
jection. The num- 
bers are explained fn 
the text. 


ower part of the third ventricle. 


The aqueduct of Sylvius and the 
burth ventricle are shown in lateral 
)rojection in Fig. 76, and in the 
iccipito- frontal (half-axial) position 
n Fig. 76, this being the best sagittal 
Projection for their display. In 
•ho lateral projection the aqueduct 
;Iiadow is sometimes obscured by 
he shadows of mastoid cells, and it 
> crossed by the shadow of the de- 
;ceii ding hom of thelateral ventricle. 
The shadow of the fourth ventricle 
s often partially covered by the 
shadows of mastoid cells, and its 
interiorpartniaybeobscuredbythe 
dense sliadows of the petrous bones. 



Fig. SO shows some of the basal Fig. 79. — KormA) occipito-frontal wntriCTilogram. 
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cisterns and suJei Detail 
of the normal appearance 
of these can be obtained 
from the monograph ol 
Datidoff and Dyfe 
During its injection air 
sometimes passes mto the 
subdural space Fig SI 
sho\^8 subdural air under 
the tentorium eerebeUi and 
big 82 shoMS it alongside 
the falx In encephalo 
graphj this Vy evndentlj due 
to rupture of the aracb 
jioid membrane since 
normally there is no con 
nection between the ■'ub 
arachnoid and subdural 
spaces m ventnculograpbr 
the air gams entrj to tl» 
subdural space through tl e 
hole that is necessarilr 
made in the dura for 
the passage of the bram needle and air is most hkelv to enter m this 
waa in tho«e people who«e mtracranial pressure is low Fig 83 sLow> 
air m the subdural space m lateral projection 

TECHNIQUE 

The technique described m this 
section IS the one we emplo\ when 
usmg air and ana modifications 
neces^^ari with other contrast media 
anil be mentioned later The first 
pomt to be settled in each mdindual 
case is whether the air «honld be 
injected into the ventricles {\entri 
culographa ) or mto the lumbar 
subarachnoid space (encephalo 
graphj) Though more simple to 
perform encephalographa is much 
the more dangerous method m 
cases of rai®" I mtracranial pressure 
the onlv safe rule is to reserve en 




Fir 80 Lateral encepHalogra n n the face up po« 
ton showing arm sulc in the anteror horns of the 
lateral ^entnclea and n the CLMemte cl lasmal 4 and 
nterpedunculan-t Case of gloma of third tentncle 
Case No 1149 
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ihalographj forthc^e ca‘5es 

iw focal signs or symptoms wth ''' n 

t any evidence of rise of intra 
mial pressure, and to perform 
ntnculographj in c'lses w]jere 
;re is papillcedema droiremess, 
ense headache o^^om^tmg The j 
lection and the decision, as to the / 
ate emploj ed, should be made bv f 
e chmcian \ 

TECHNIQUE OF VENTRI- 
CULOGRAPHY 

The Injection of Air-^Tlie \en Fic 8' — foitcpo antenor \eiitniMilopratn 
cles should be tapjied at their sUowmg aJt m tlie “Ul'lunil epace olonj,<Hle the 

.veit poults U1 order to inject the "■ ' •'"‘""•"i' to <1“ cue thei, . 

* . , choma of the ton US callo'fuin Caw No 18 1 

aximiim qnantitj of air some 

rgeons tap tho posterior Jionis inlh the patient m t}ie reclining or sitting 

liosiUon others tap through 
the parietal lobes uith the 
patient supine and a foir 
tap the anterior horns uith 
(he prone 

culograph) is not a pamful 
proccdure^ and can be dune 
t tnthout preliminary sed 

atives by injecting local 
\ nn*esthetic into the area of 

\ skin to be mciscd Biimng 

^ I of the bone mcibion of the 

< } dura and passage of the 

|^^H[|j||np^ / needle into the brain do not 

f ^ produce pain TOien the 

\ ■ventricle is entered the ap 

proximate intraventricular 
^ pressure is measured bt 

r- c, , , . , . allowing the cerebrospinal 

Flo 83 — SulKiunil air m the frontal region A latcml ii , i . 

.jection in ll e faci up position T1 e po^tenor limit of » ^”^00 

sulKhiral air IS astraightlne mlicatinga meter Then the fluid is 

ilioiel irom a pn«o of ep lepsv wnth ronsi lerano Collected and air, filtered 

:.™i,ofjrtio« to !,ntto..,M.„l.r.„ Ti».p«™, into usvTinge through sterUe 

)W8 al«o mr m the anterior honn of tie lateral ^en v o c ^ 

:1m an I in the ciKten le mterpeihmilnm an I cW gentU mjCCted m 

iis Case No 2 9j amounts up to 5 c c at a 
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time It IS useless and harmful to inject air under great pressure for it on 
forces its way out of the ventricle through the needle or along the need 
track Good filling of the ventncle is obtained bj taking time over the vhc 
procedure by manipulating the head gently from side to side in the intervf 
between the injections of air The smaller the \entricle tJie greater the ca 
and patience necessarj At tlie end of the injection the incisions in the sea 
are stitched up in layers and the patient is then ready for radiograpl 
e-^ammation 

Unless there is some particular contramdication it is generally advisal 
to tap and inject both lateral ventricles at the same session In cases 
dilatation of both lateral ventricles the fact that air mjected into one sii 
onlj does not cross to the opposite side argues strongly for an obstruction 
the foramen of Monro by a tumour in the third ventricle but the spread 
air to the other lateral ventricle in such cases does not necessarily mean th; 
the foramina of Monro are patent for m lijdrocephalus from any cause it 
not uncommon to find holes in the stretched septum lucidum through 'ihii 
air can pass freely from one lateral ventncle to the other even though tl 
third ventricle is filled by tumour 

In tumour of a cerebral hemisphere the ventricle on the sides of the lesic 
IS often so small that air cannot be injected mto it In such cases nevertheles 
It IB still advantageous to tap both ventncles for though on the side of tl 
lesion tlie needle may not find the ventricle it often enters a oyat or mec 
the resistance of a tumour and thus gives even more direct mformatic 
of the situation of the tumour and of its character than can bo game 
b> ventriculography 

The Radiographic Projections — ^The arrangement of the ventricles and the 
narrow intercommunications their planes in relation to each other and to tl 
surface of the skull are verj complex and it is therefore useful for the purpa 
of designing projections to have a model of the ventricular system w Inch ca 
be manipulated in relation to the skull Different clinical problems m 
require a differmg set of projections which can onlj be planned by tfc 
radiologist after consultation with the clmician Throughout the exarama 
tion it must be remembered that lowermg the head below the honzonti 
w ill allow the air to escape from tlie ventricular sj stem In every case tb 
first projection should be developed immediatelj , m order to sec how’ 
air the ventricles contaui and to obtam a preliminary idea of the radiograpl^' 
appearances We use an antem posterior projection for this purpo^ 
Lyshohn takes a prelimmary film with the tube at the side of the patient an' 
the skull m the antero posterior position (Fig 80) , if the depth of air m 
frontal horns in this position is lesa than 2 cm he considers it useless to proceed 

Radiological examuiation after air injection should aim as far as pos«io" 
at displaj of the whole ventricular system Since it is rare to obtam 
filhng of the ventricles with air, it is nccessarj to manipulate the head, and tlm 



VENTRICULOGRAPH\ A\D ENCEPHALOGRAPil'i 83 

to coax the air from one part of the ventricular sa ^tem to the other between the 
various projections These can, be worked out by the radiologtst with the 
aid of a model as de^^cribed thea -are shown in Pig b-l 

Thcoreticalh the Bucky diaphragm sliould be above the head with the 
tube under the couch for m this wav the air contaimng space would be 
nearest to the film mechamcaUj this arrangement is difficult and modem 
technique has largely ehminated the distortion resulting fixim separation of 
film and object b^ increasing film target distance and b\ the fine focus tube 
The ontero posterior projection without tilt of the tube disiplaa*s tlie 



Fio 81 — Scl en>c Tor cornponson of \entnciilogrephic appearonee* in d fferent projections 
n each project on tl e parts of the >entncular '^'atent marl>e<l \r th a continuous I ne are the 
«rt 3 usuolly seen i that project on o Occ p to frontal project cm 6 PoUero^ntenor 
project on e Ontero poster orproject on «/ Lateral project on nfaee pposton « Ohhque 
ntero poster or project on 

interior horns septum lucidum and \entncular bodies the antenor parts of 
he descending horns and the antenor part of the bod^ of the third ventncle 
lig 84c) Theantero posteriorprojectionwiUi SOdegrces tilt (half axial fronto 
iccipital projection) siiows further d»»tailai of the anterior horns and bodies 
his projection is aerj imjiortant for precise localisation of a tumour in 
:\ic anterior half of the cerebral hcroispheTes 

TlieiKjstero anterior projection with lOdegrees-tiltshowstheiiostenorhoms 
“he posterior parts of the bodies and of the descending horns the posterior 
Dart of the tlurd ventricle and occasiona!l\ tlie aqueduct of S>Uaus (Fig Sib) 
Hie postero anterior projection with 30 degrees tilt (occipito frontal Inlf-asial 
irojection) (Ii-»pla' ^ further detail of the posterior horns and trigone (Fig 84rt) 
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and also shows the third ventncle, the aqueduct of Sjlvius, and occasionally 
the fourth ventncle , this projection is verj important for precise locahsation 
of a tumour m the posterior part of the cerebral hemispheres 

The lateral pro 
jection IS designed to 
show the air in the 
uppermost lateral 
\entricle, and if fill 
mg IS incomplete an 
apparent defect may- 
be created in the 
region of the body of 
the ventncle as this 
lies at a lower level 
than the rest of the 
ventricle when the 
head is in the lateral 
position The patient 
should thus be 
PiQ 8j— Normal lateral encephalogram uilh the head erect allowed tO rest m the 

appropriate posture for some mmutes before the exjiosurc is made in order 
to allow as much air as possible to get into tlie uppermost ventricle The 
lateral projection usually shows in addition to the uppermost lateral 
ventricle part of the lower lateral ventricle and part of the third ventricle 
{Figs 76 and 84d) With good filbng, it may show the whole of the third 
and fourth ventricles and the aqueduct 
of Sylvius We prefer to view this pro 
jection stereoscopically 

Lateral projections should also bo 
taken with the head in different positions 
With the patient lying face upwards a 
lateral projection shows the anterior and 
descending horns the antenor part of 
the third ventricle (Yig 84d) and also 
especially in encephalography for trau 
matic epilepsy and other non expanding 
lesions air m the subarachnoid or sub 
dural space o\ er the frontal pole (Pig 80) 

W'lth the patient lying face downwards a 
lateral projection shows the posterior 
horns, the po^te^lo^ parts of the bodies and occasionally the posterior part of 
the third ventncle, the aqueduct of Sylvius and the fourth ventricle , it also 
show 8 any air that may he m the subarachnoid and subdural spaces over tlie 



t lo 86 — Position for lateral projeetian 
to bhovi aqueduct and fourth ventncle 
(After Ttcxnxng ) 
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occipital poles With the patient s head erect a lateral projection shows the 
upper contour of the bodies of the \entncles (Fig 8o) 

The tlurd ventricle can sometimes be seen well in the ordinary lateral 
projection but more often the head miL,t be specially placed to display it and 
it must be studied m two parts For the anterior part of the third ventricle 
the patient hes on Ins back and lus head u. loivered and extended so that the 
chin points to the ceiling , a lateia! vieu of the skull m this position is then 
taken (Figs SO and 84^) The posterior part of the third ventricle the 
aqueduct of Sjlvius and the fourth ventricle are difficult to displaj unless 
there IS complete filling and also some obstruction to the escape of air mto 
the subarachnoid space Thev sometimes show uell m lateral projections 
without special manipulation but usuallv it is necessaiy to make a lateral 
projection m the face down position using the following technique the 
patient is turned on. his face but keeps his head extended until a few 
seconds before the expo^sure when lus bend is flexed on his che&t the chin 
bemg at the same time kept foruards Rithout such precautions air maj 
escape from the fourth ventricle before the picture is taken In the sagittal 
plane the projection employed for the fourth ventricle is the postero anterior 
mth 30* tilt The posterior part of the third ventricle the aqueduct and 
fourth reutnole ina% also be shown by a lateral projection m the manner 
desenbed by Twtntng (Fig SO) In this projection the patient lies in the 
lateral position with his loner shoulder on the couch top His buttocks are 
raised and lus head is tilted towards the floor until the sagittal plane of the 
skull makes an angle of 45 degrees with the horizontal The central ray is 
directed through a pomt 3 cm above the external auditorv meatus and the 
film IS pla<xd at nght angles to the central ray In order to prevent the air 
from escaping mto the cistema magna the head should be kept raised imtil all 
preparations are complete The picture should be taken immediateU after 
the head has been lowered on to the curette 

The folloinng summary gives the projections m the order most commonli 
Used hi us 


Patient supine 


Patient prone 


Patient prone head lowered 


1 Antero posterior ii ithout tilt 

2 Lateral m face up position 

3 Antero posterior or fronto occipital (tube 

30 degrees Jieadwards) 

4 One lateral (stereoscopic) 

o The other lateral (stereoscopic) 

C Postero anterior ivith 10 degrees tilt 
7 Postero anterior or oecipito frontal (tube 
30 deques caudally) 

5 lateral m lace douai position 

9 Sjpecial lateral for posterior part of third 
ventricle aqueduct and fourth ventricle 
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ventricles It is claimed that this can be avoided bj mjectmg the first 5 
(or even 10 c c ) of air quid I 5 before an^ fluid has escaped from the lumber 
puncture needle 

In cases of traumatic epilepsy it is necessary to studj the subarachnoid 
space as veil as the ventricular system m order to search for local dilatations 
or obliterations of the space over an area of cortical scamng For this 
purpose larger amounts of air are needed than in cases where tumour being 
suspected it is only desired to siud^ the ventricles Amounts of air up to 
150 c c raaj be required Air m this amount almost mvanably gives nse to 
considerable headache vomiting and sweating After the mjection discomfort 
continues with dimmishmg intensity for two to three days being aggravated 
bj movement of the head 

The mdications for encephalography and the danger of usmg it in ca^es 
of raised intracranial pressure have already been mentioned 

Air IS absorbed quickl} from the sitbaracbnoid space and when there is 
no obstruction it drsappears from the ventricles corapletelj withm three to 
four days 

Cisternal Encephalography — In some clinics air is mjected by cisternal 
puncture instead of bj lumbar puncture since in this w ay the air is more hiely 
to go direcllj into the ventricles This is a much less painful procedure than 
lumbar encephalography It has been clearly shown that the pain of en 
cephalography arises from air m the subarachnoid space and not from air m 
the ventricles But though it has become a common procedure for spinal 
lipiodol tests cisternal puncture carnes a certam smaU risk of puncture of as 
artery m the cistern a danger from which lumbar puncture is free 

CONTRAST MEDIA 

Oxygen has been used m preference to air m the hope that it might be 
less irritatmg and more quickly absorbed than air According to Daiidqff 
and Dyle there is no striking difference either m the immediate or delayed 
reaction 

Positive Contrast Media mcluding lipiodol thorotrast and abrodil have 
all been used especially in displaymg the third and fourth ventricles and the 
aqueduct of Sylvius ^ eiy good pictures 1 ave been obtamed m this way 
but even when operation js performed immediately it is difficult if not im 
possible to remove the opaque material and all the substances so far employ ed 
have been shown to damage the walls of the cerebrospinal pathways with a 
tendency to the production of delayed hydrocephalus worse than that for 
which the patient sought treatmmit With improved technique it is becoming 
mcreasmgly easy to study the third and fourth ventricles with air a substance 
which though it gives nse to reactions immediately after injection does not 
produce any permanent damage of the ventncular ependvma 
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PATHOLOGICAL RADIOLOGICAL APPEARANCES 
I TUMOURS AND OTHER EXPANDING LESIONS 

Tumours and other expanding or obstructive lesions almost invariably 
distort the ventncular sjatem, and fchcor position can nsually be inferred from 
radiological study of the ventricles after au injection A tumour of one 
cerebral hemisphere usually displaces the ventricular system to the opposite 
Bide and tends to obliterate part or whole of the adjacent lateral ventricle 
Tumours of the third ventricle, midbram and pineal region cause 
symmetrical dilatation of the lateral ventricles and partial or complete 
obliteration of tlie shadow of the third ventricle Tumours of the posterior 
fossa produce appearances similar to tliose of tumours of the third lentricle 
except that the tlurd ventncle also la dilated and its shadow is not encroached 
upon , m addition, part of the shadow the fourth ventricle is also sometimes 
seen perhaps distorted in shape and position These changes will be exammed 
m detail m the followmg pages 

It is necessary at this stage to point out that on rare occasions mtracranial 
tumours give normal 'ventnculograms This is seen m the early stages of 
mfiltrating gliomas of the cerebral hemispheres {Pennybacler and ^leadons) 
it 18 not therefore alw ays safe to assume m cases of focal symptoms without 
nse of intracranial pressure that because the ventricles appear to be in tlieir 
normal position and of normal shape and size, there is no tumour Normal 
ventnc^ograms may also he found m cases of ghomatosis and sarcomatosis of 
the meninges 

The changes that occur in the ventricular system from the presence of 
expandmg lesions are usually not difficult to mterpret if the ventricles are well 
filled with air and if projections are used that demonstrate the whole of the 
ventricular sjstem Nei ertheless a systematic description is necessary for 
an understandmg of the various pathological processes that Contribute to the 
abnormal appearances m anj one case In expandmg lesions the aentricles 
may be dilated obliterated or narrowed and displaced In practicallj every 
case there is i combination of these processes \ tumour affects different 
parts of the ventricular system in different ways Locally it tends to encroach 
upon the ventricle producing narrowong or obliteration and to displace it 
from its normal position while m the distant parts of the ventricular system 
there is often dilatation 

The emphasis changes from case to case thus m a case of cerebellar 
tumour dilatation of the proximal part of the ventricular sy stem is the striking 
feature of the ventnculograms and the local obliteration and displacement of 
the fourth ventricle is inconspicuous m a tumour of one frontal lobe on the 
other hand, the displacement of the ventricular system to the opposite side 
avfll be the most strikmg feature of the ventriculogram but there may bo m 
addition localised encroachment by the tumour on the shadow of the anterior 
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Fic 87 — Antcro po>t«nor %entricuIograiD ebowiog imi 
fans dilatation of tbe left lateral ventricle without di5plaee 
ment indicating generalised ehnnkage of the left cerebral 
hemisphere Tbe rounding of tbe angles of tbe dilated 
ventnele is endent when compared with the unaffected side 
Child, aged 7 AttacLsof motorepilcpsyaffectingtbenght 
Side since lofkncj Case No 630 


bom, diffuse narromng 
from cedema of the re 
mamder of tbe corre 
spending lateral ventricle, 
and dilatation of tbe 
opposite lateral ventnele 
(1) Dilatation — This 
IS usually due to ob^truc 
tion of the outflow of 
cerebro'>pmal flmd The 
earhest radiological sign 
of dilatation of the ven 
tncles IS a roundmg of the 
margins of shadows that 
are normally angular For 
example, m the lateral 
ventnele m the antero 
postenor new the upper 
outer angle of the shadow 
becomes rounded (Fig 87) 
The distinction between 
ventncles that are normal 
and ventncles that are 
shghtly dilated rests 
largely upon this altera 


tion of normal angular con 
tours In practice the 
radiologist is not often 
asked to whether ven 
tncles are normal or 
slighth dilated more 
often when the ventricular 
sj'tem IS on the large size 
of normal it is for the 
chnician to saj w hether the 
appearances are an earl> 
sign of tumour or w hether 
thej are due to generalised 
shrinkage of brain tissue 
from an old or rec-ent de 
generatiie or atropine 
lesion 



Fio 88 — Lateral lentnculogram showing Bciere 
dilatatxMi of all part* of the lateral lentncles except tbe 
deoeendinghoraa Same case as Fig 89 
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In obstructive lesions of 
the third and fourth \en 
tncles dilatation of the 
lateral ventricle is usually 
most pronounced m the 
anterior horn and bodr 
the extent to ivhicb the 
postenor and descending 
horns dilate vanes greatlj 
from case to case some 
tunes tliere is surprisingly 
little dilatation of the 
descendmg horns vhen 
other parts of the later il 
ventricle are grossly dilated 
(Fig 88) In obstructions 
of long standuig the dilata 
tion may reich a consider 
able degree (Fig 89) The 
greatest dilatation is seen 



Fio 89 Anteio poster or Ncntnculogram >>ho m g 
8;mmetnc&l d latat on of the lateral tentnclen Collo d 
cystofthetharlventrcle Case No *>703 


in cases of infantile hydrocephalus when the lateral \entncles may be so 


largo that the brain substance is less than 1cm m n idth (Fig DO) 


Generalised dilatation of all the 



Fio 90 — Cross d latat on of the lentreular 
systom A case of infantile hydroc^hal j. 
Female aged 9 reeks Case No ‘'93 


\cntnc1es indicates a lesion at the 
foramen of Magendie or liydro 
cephahis from arachnoidal adlie 
sions or from obstruction, of the 
% cnous ‘smu'ies In such cases the 
dilatation is greateat in the lateral 
^cnt^lcles and least m the fourth 
ventricle In coses of syunmetncal 
dilatation of the lateral and third 
lentnclev the important radio 
graphic sign is demonstration of 
the aqueduct of S\l\nus if tint 
can be ^een filled ivith air through 
out the «hole of its course the 
lesion IS localised m the posterior 
fossa fulure to demonstrate the 
aqueduct throughout the uhole of 
Its course suggests that the lesion 
may be m the midbram or pineal 
region in u Inch case the operative 
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approacli is quite different from that 
employed for tumours of the postenor 
fossa But if the yentncular system has 
not been well filled with air mterpretation 
should be cautious and the final decision 
as to the site of operation should rest 
mainly on the clmical signs Symmetrical 
dilatation of the lateral ventricles with 
partial or complete loss of the shadow of 
the third ventricle mdicates a tumour of 
the third ventricle or adjacent parts 
Asymmetrical dilatation of the lateral 
ventricles of moderate degree ls found 
with basal tumours notably memngiomas 
of the olfactory groove and sphenoidal 
ndge (Fig 91) with tumours of the 
ba<5al ganglia with multiple metastatic 
tumours and also on occasions with any 
supratentorial tumour 
Dilatation of one lateral ventncle is most commonlv due to a tumour of 
the oppo&ite cerebral hemisphere ' In such a case the dilated ventncle is dis 

1 Dilatat on of the contreUunl 
% entncle in tumour of one cerebral 
hemisphere ui obMoa^lj due to 
obetruetion of tbe outflow of it4 
cerebroepinal fluid, but it is not 
always easy to determine the e te 
and cause of the obstruction 
The obstruction maj be at the 
foramen of 31oiiro from oblitera 
tion of the third lentncle bj 
pre-sure or from invasion of it 
by tumour in the«e ca»es the 
third lentncle is not seen in 
i entnculograms In other cases 
especially m deep seated temporal 
tumours tbe obstruction may be 
at the aqueduct of Srlnus from 
cedema or neoplast c miasion of 
the tnidbram. In tumour of the 
cerebral hemisphere obstruction 
can also be produced at the 
foramen of Slagendie on rare oc 
cas ona by gross herniation of the 
cerebellar tonsils through the 
foramen magnum and it mu-t 
not be forgotten that in mabgnant 
disease with metastases a tumour 



tie S'* — Antero postenor ventriculogram from a case 
of n^it temporal abscess showing dilatat on and di^,- 
placeroenttothe left of the left lateral and third ventnelea 
No sir has reached the nght lateral ventncle Case 
No RI 3065 



Fio 91 — Antero po tenor tentn 
culogram from a case of meningioma 
of the left le»«er wmg of the sphenoid. 
Both lateral tentncles are dilated, the 
nght more than the left Case No 38a 
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placed to^vards the healthy side fFig. 92). Dilatation of one lateral ventricle 
only is also seen in cases of tldrd-ventricle tumour -Nvith blockage of both 
foramina of Jlonro, alien air has been injected on one side only and the 
septnm lucidum is intact. The ventricle m such a case is not displaced a^^ay 
from the middle line; the septum lucidum 
bulges towards the opposite side in a 
manner that is quite characteristic 
(Fig. 93). 

Localised dilatation of one part of the 
lateral ventricle is seen when the more 
prorinial part of the ventricle is ob- 
literated by tumour (Fig. 94). A part 
of the lateral ventricle ihay also become 
dilated, from tumour gromng m or 
expanding into it (Fig. 95), but not 
totally occluding it , in such eases the 
shadow of the dilated part is usually 
fainter tlian that of the rest of tlie ven- 
tricle and often irregular in outline It 
should be borne in mmd that genera- 
lised and localised \cntriculac dilatation 
occuTb also with cerebral atrophy and 
scarring, as will presently be described 

(2) Narrowing or Obliteration. — 

Tliese changes may affect the ventri- 
cular system as a whole, one lateral ventncle only, or a part only of one 
lateral ventricle. 

Generalised obliteration of the scntncular system has never been seen by 
us, bnt failure to get air into small ventricles is not uncommon. The ventricles 
may be so small at times that only a few drops of fluid may be obtained when 
each lateral ventricle is tapped. In such cases it may be difficult to get 
adequate filling of the ventricles with air, but if the operator is patient and 
replaces each drop of fluid with an approximately similar amount of air 
surprisingly good pictures of the ventricular system can often be obtained 

Generalised na^■o^'nng of the ventricular system occurs in some acute 

of on© cerobral beim-ipbere may be associated with a tuiooaf in tl»o cerebellunJ, which causes 
obstructioa and consequent dilatation of tho contralateral ventncle. In yet other cases the 
obstruction occurs m tho subarachnoid space at tho tentorial opcnin(r, from displacement and 
cedema, or neoplastic m\'asion of the hippocampal gyrus of one or both sides. Blochase of 
the subarachnoid channels of one Sylsian fiasore Ja also suihcient to raiic mtrarrarual pressure 
m the proximal cerebrospinal pathways, and is the probable evpianation of dilatation of the 
opposite lateral sentncle m some zncnmgiomaaoftbe lesser wing of the sphenoid In all cases of 
obstruction distal to the foramen of ^lonco m hemisphere tumours dilatation of the corresponding 
lateral s entnele would occur, but for the encroacliment on it by the adjacent tumour. 



Fio 03 — Bilateral bv drocephalus m a 
rasa of rpidermoid cyst of tha third van. 
tncla The septum lucrdinn is stroogly 
convex to the ngbt, mdicating that 
there is no free communication between 
the two lateral ventricles, and that the 
tension of air is greater in the left lateral 
ventncle than in tho right CoseXo 763. 
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demjelmating conditions, such as Schilder’s cnceplnlitis, and rarely m intra- 
cranial tumours Alost tumours of the cerebral hemisphere produce dilatation 
of the contralateral ventricle, hut 'vre have encountered a few cases of frontal 
mcnmgioma ui ^\hlch the ventricles of both sides were extremely small 
(Fig 90) 

Obhteralion of tht shadow of ont lateral lentncle usually mdicates that there 
IS a tumour in the corresponding hemisphere « Inch has led not onl^ to great 
narrow ing of the lateral \ entncle, but also to partial obstruction of its foramen of 
Monro At ventrioulograpbj both ventricles are tapped, one is slightly dilated, 
and the other contauis onlj a drop or two of fluid, or is not found at all Air is 
then injected into the patent ventricle, and the ventriculograms show tint no air 
has crossed to the other side, lu spite of ap- 
propriate manipulations In such cases the 
displacement of tlie dilated lateral ventricle 
awaj from the middle line indicates the 
presence of an expanding lesion on the op 
posite side, and confirmatory endence is often 
seen in displacement of the shadow of the 
third ventricle (Fig 92} In encephalo- 
graphy, however, the shadow of one lateral 
ventricle is sometimes absent, even thougli 
the ventricles are normal , but m such a 
case the shadow of the other lateral ren 
tncle is in its normal place and the septum 
lucidum IS m the middle Ime. 

Narrowing of one lateral ventricle is pro 
duced by an expandmg lesion of the coire 
spending cerebral hemisphere, such as tumour 
or ab‘5ce'5S The ventricle is obliterated 
p'irtl> h} the expanding lc«ion, and jiarth 
hj mdenia of the white matter, which mnv 
extend tliroughout the whole cerebral hemisphere (Fig 97) NaiTOwnng of the 
ventricular shadow that results from owicma doos'not interfere with the pro 
portions of the ventricle, whereas that which is due to the eheroachment of 
an adjacent tumour is disproportionate (Fig D9a) The more rapid the de 
vclopment of the icsioti the more Revere, as a rule, is the narrowing of the 
corresponding ventricle In meningiomas, which are tumours of slow growilj, 
the ipeolatcral v entncle is usuallv less narrowed and more easilv hlled wnth 
air than in rapidlj grow mg gliomas aml,m abscesses 

Localised imrTomng or obhleraMn of one •pari of a tentrtcU occum with 
considerable frequency (Fig OS), inrticularly Vvith tumours that are near or 
within the ventricle The curved margins of the narrowed or obliterated 
zone iistiall} give a fairly accurate indication of the size of the tumonr The*^ 



Fio OC— Small lateral ^ent^lcle3 
in the pTVM“nco of a frontal menin 
gioma Cose No 13S8 
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greater the deformity of the body of the ventricle the more likely is the tumour 
to be deep seated than superficial 

With narrow mg there occur other alterations of contour In tumours of 
the cerebral hemisphere the upper lateral angle of the body of the lateral 

ventricle on the side of the lesion 
as seen m antero posterior pro 
jection IS almost mvanablj 
altered as has pointed 

out m tumours high up on the 
convexitj this angle is often 
rounded while m more basallj 
situated tumours it is usuaUj 
very acute and associated with 
severe indentation of the lateral 
wall of the ventricle (Fig 99) 

(3) Displacement — Expand 
mg lesions of one cerebral heroi 
sphere tend to displace the whole 
supratentorial part of the ven 
tncular system to the opposite 
side The lateral displacement 
always affects the anterior part 
ofthelateralventncles especially 
the bodies more than the pos 
tenor parts This is doubtless 
due to the fact that the posterior 
part of the cerebral hemisphere 
is protected from lateral disloca 
tion to some extent by the 
strength and depth of the falx 
cerebn and by the union of the 
falxw ith the tentorium cerebelli 
The anterior half of the falx 
cerebri on the other hand is too 
sbaUow to prevent lateral dis 
placement of the medial parts of 
one cerebral hemisphere mto the dural compartment of the other the un 
attached edge of the falx also can be displaced laterallj 

I ateral displacement of the ventneular system is best studied m antero 
posterior ventriculograms which show clearly the bodies of the lateral ven 
tncles the mtervenmg septum lucidum and the third ventricle Care should 
be taken to guard against rotation of the liead for m pictures that are not in 
the true sagittal plane the third ventricle may sometimes appear to be displaced 



(a) r tl narrowing of tho left lateral \eiifr do m a 
case of email abacees of the left occ p tal lobe (5) 
Isote also in (oj cavaim eeptiini pelluc d Caso 




(«) ( 6 ) 

Fio 00 — anation.9 in shape of the upper lateral angle of the Ixxiv of a compresaefl lateral 
vcntncle (o) Left temporal ependymoma the upper angle of the loft % entncle is acute end the 
lateral wall u indented (6) Left frontal paras^ttal Kuhamchnoid cjst the upper lateral 
angle 13 rounded Cases 531 and 971 
xnni — 7 
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the i)osition of the tumour in the cerebral hemisphere The septum luciduiu 
IS displaced from the middle line to the greatest extent m parasagittal tumours 
while the maximum displacement of the third ■ventricle is seen m tumours of 



Fig 100 (a and t) — Diagram to show variations of the lateral displftcement of the vcnlneuUr 
Byatem with tumour>< m different parts of the hetmaphere 


the temporal lobe Thus if the tumour is in the superior part of the cerebral 
hemisphere (frontal panetal and occipital tumours) the shadows of the 
displaced septum lucidum and third ventricle will tend to form a straight line 
(Fig lOOo) but if the tumour 


IS in the mfenor part of the 
hemisphere (temporal and 
other para Sjhian tumours) 
the shadows of the septum 
lucidum and third ventricle 
form an obtuse angle with one 
another or even a curve (Fig 
lOOfi) 

Tumours l>ing in the 
superior part of a cerebral 
hemisphere tend to depress the 
bodv of the corresponding ven 
tricle as well as to displace rt 
laterall} Interpretation on 



this point IS complicated liovv Fio lOI — Ptwtero anterior ventntulogram from a 
ever bv tlie fact that tumour temporal gliol lastoma multiforme The 

. , , - body of the narrow right lateral ventneJo is diaplaceu 

Ol the cerebral across the m. Idlolme and is depressed b> the overlying 
in cause displace nght callosal gyrus Case ^>0 2638 


of anv part 
hemisphere a 


ment of the corresponding 

callosal gjTUs beneath the free edge of the falx cerebn (Figs 101 and 70) , 
the displacement may be so pronounced that the bodj of the lateral v entncle 
on the side of the lesion is also involved vv ith the production of a ventricular 
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deformity that is directly related, not to tlic position of the tumour, but to the 
free edge oftbefaLv cerebri and the herniated callosal gmis (Fig 102) Failure 
to appreciate this mechanism may lead to the conclusion that the body of the 
ventncle is flattened by a tumour I 3 ing above it u lien the tumour is actually 
m a remote part of the hemisphere 

So far ue have considered onh lateral 
displacement of the bodj of the lateral \en 
trjcle and of tlie third ventricle these being 
the most important diaplacenients from the 
ventriculographic point of new But lateral 
displacement, and displacement m other 
planes, can occur in any part of the \ entncular 
sjstem The greatest range of displacement 
js seen m the posterior and descendmg horns 
of the lateral ventricles These localised ven- 
tricular displacements \mU be considered m 
relation to tumours of different regions 

TUMOURS IN DIFFERENT REGIONS 

Frontal Tumours — The frontal lobe e\ 
ends from the supraorbital ridge to a line apjiro'vimatel.v 2 cm behmd the 
groove for the anterior branch of the middle meningeal arter}, and thus does 
not correspond accurately cither with the frontal bone or uith the anterior 
horn of the lateral ventricle The most important projections for the study 
if V cntrioulograras of frontal tumours are the usual antero iiostenor pro 
jcctions, a lateral projection vnth the face upwards, and the standard lateral 
projection 

Ghomas of alnio-»t all varieties are common m the frontal lobe, and a not 
inconsiderable number of them extend into the genu of the corpus callosum 
os can sometimes be recognised in ventriculograms tlenmgiomas are common, 
especially parasagittally at the level of the coronal suture, and also on the base, 
attached to the lesser vMng of the sphenoid or to the cribriform plate and 
olfactory groove Both frontal lobes are involved in meningioma*' of the 
olfactory groove, a** a rule, and la certain glioinatous tumours 

Tlie ventriculographic appearances vary vv jth the position of the tumour, 
but m all except the bifrontal tumours there is general displacement of the 
ventricular system from the side of the tumour , and m all the anterior horn 
of the corresjionding lateral ventricle js flattened or obliterated In posterior 
frontal tumours tlio body' of the ventricle is similarly affected Line drawings 
of ventriculograms of frontal tumours of differing situations (Fig 103 a~J) 
show that, in addition to lateral db>placcmcnt, the anterior horn may be 
displaced upwards or downwards , it may be indented from above, below, 
or from the front, or even obliterated As a nile, interpretation is not difficult 



tin 102 — Piagram to show du 
placement of the left cnlloMl ii^nis 
beneath t}>e free edge of tlio falx m A 
oa^eof lefi tempers] (lunour 


Fio 103 — Tracmgsof \entr c logram^fromcaseaoffrontaltujnour {aand6)Supenorfrontel 
taoioiire (c) Infer or frontal tunwur (d and/) Hugo frontal tvwnoni w th complete obliterat oo 
of antenor horn (e) Bifrontal tumour — a mexungionia of the antcnor end of the falx cerebn 
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if the ventricles are fairl} ^ ell filled with air and the axipropnate jirojections 
are made Normallj m the antero posterior projection without tilt the tn 
angular sliadow of the lateral ventncle is seen to be divided horizontaJh 
into an upper dark zone repre'^enting the whole length of the \ entncle seen 
end*on and a lower le«s dark area 
eau'^ed bj the shadoir of the floor of 
the anterior part of the bod\ of the 
ventncle seen through the anterior 
horn (Fig 77) If the bod\ of the 
ventncle is obhterated the triangular 
sliadou loses its upper translucent 
zone and becomes homogeneous 

In bifrontal tumours mterpreta 
tion maj be difficult because of the 
absence of lateral displacement but 
lattemng and other disturbances of 
he normal contours of the anterior 
oma can usually be seen especially 
a lateral projections of the anterior part of the ventricular system (Fig 103/) 
t IS important to remember that as a result of cedema the antenor horns 
nd bodies of the lateral ventricles may be laterally displaced by tumours at 
distance but in such cases the proportions of the frontal horn ore not dis 
urbed 

Parietal Tumours — ^The reader will recall that the greater part of tlie 
anetal lobe lies above the level of the lateral ventncle (Fig 104) The 




Fiq lOo Fig lOO 

Fids 30i> and 106 — Anter or posterior an! lateral ventr cuJograms of a gLoblastoma mult 
forme of the leii panetal lobe Case No 3^74 
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parietal lobe extends from a line approxmiatel> 2 cm behind the anteri 
meningeal groove to a point just antenor to the paneto occipital suture T 
most important projections for the studj of parietal tumours are tlie postei 
antenoi the antcro posterior with 30 degrees tilt craniallj and the late: 



Fio tor Lateral an I poetero anterior lentriculograms from a case of left temporo occ p 
astrocytoma Case No 788 


projections The common tumours of the parietal lobe are gliomas ai 
meningiomas the latter usually being parasagittal m situation and ofti 
verj large Parietal tumours frequently affect adjacent parts of the brai 
and are then paneto occipital paneto temporal or paneto frontal rather tlr 
purely ps.net-\l \u. situation 

The uliole of the ventricular system i-> 
displaced to the opposite side and the 
ventricle on the side of the lesion is 
flattened and displaced downwards (Figs 
105 and 100) Its body may be forced 
along with the callosal gyros under the 
free edge of the falx producing an 
apjiearance in the postero anterior projec 
tion as seen m Fig 102 This occura 
more commonly w ith laterally placed 
parietal tumours than with pan^gittal 
parietal tumours and as has been de 
scribed above it also occurs wath tumours 
at a distance fioin the parietal lobe in 
parietal tumours The ujiper angle of the 



body of the lateral \entncle is usually 
rounded In tumours of the medial sur 
face of the panetal lobe the posterior part 


Fio lOS Po^ero anterior \entnci. 
gram from a ea^e of occ p to tcmpoi 
mening oma attached to the dura m t 
leg on of the lateral 8 nas Case No 16 
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l-io 109 — ^Tracjnjs ilhwlrjvting AUcmtion^ jn the Je-^wnding horn proil iced by tumour of the 
temporal Jobe CasM No L H 40n( 5 3037 and 30700 I937 


ol tbe NTid tLe post^Ttor hont of tV'ie iatetal ■veiYtTicle nta> be displaced 
laterally from the middle Ime Pantentncular parietal tumours occasionally 
produce dilatation of the po<:terior part of the hocit but the shadow is fainter 
than normal (Fig 95) The temporal horn i:> usually in its normal ix>sitJon 
OcapUal Tumours — ^The occipital lobe extends from the posterior end of 
the parietal lobe to 


the region of the 
external occipital 
protuberance The 
most important 
projections are the 
postero anterior, 
the occipito frontal 
the lateral stereo 
scopic and the 
lateral m the face 
doM n position 1 he 
asymnietrv of the 
posterior horns of 
the lateral ventn 
cle& that exists in 
some normal sub 
jects doe's not 
present difficulties 



of interpretation if 
it IS home m mind 
tiiat lateral dis 
placement of the 
% entricular s% stem 


Flo 110 — Up anltli^plai) ent an ! fcliortoninfe, of the descending 
honi of the lateral \entncle in a case of meningioma of the Ies«ej 
wing of the aphenoid Tht lumowr extei de<l into t! o sella turcioa 
protlucnig o\ ergrowth of tl e dors » » sells an I other part* 

\joutb s^tl '*1 w) o also sulfeml from x-on Reckl ngl au ens 
neurofibromatos a Ca«o So 5C4 
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alua\s occurs with occipital tumours, but js never found m normal subjects 
Tumours limited to the occipital lobe are rare, and the roost common are 


gliomas of all tjTies, and meningiomas , 


tumours extending into the occipital 
lobe from the temporal or parietal 
lobes are much more common, and 
occasional!} meningiomas arise from 
the tentorium which indent both 
the occipital lobe and the cere 
bellum and produce ventriculo 
graphic appearances that combme 
the displacements of occipital 
tumours with the changes of hjdro 
cephalus 

In occipital tumours there maj 
be obliteration of the postenor horn 
as seen m the lateral new in the 
face douTi position or there raaj be 
narrou mg and ver> great displace 
ment of the posterior horn m anj 
direction With tumours that are 
parietal as ^sell as occipital the 
postero anterior news ina} show 
dounuard (ksplaoement of the 
trigone and of the postenor part of 
the descendmg horn When the 
tumoiiT IS situated m the loner 
part of the occipital lobe as in 
occipital extension of a temporal 
tumour, the posterior horn ls dis 
placed upwards together with the 
jKJsterior part of the bod} and the 
posterior part of the descending 
horn (Figs 107 and 108) 

Temporal Tumours — ^The tern 
poral lobe lies below a Ime extendmg 
from the external angular process 
of the frontal bone to the parietal 
eiiunence The projections of 
greatest value in ventriculograms of temporal tumours are the antero pos 
tenor, the postero anterior, the lateral stereoscopic, and the lateral projection 
m the face up position Tumours m the temporal lobe are very common 
and are for the most part gbomas, b} far the greatest number being 
ghoblastomas multifonne 3Iemngiomas of the middle fossa, cavernous 



Fic 111 — Tumours of the ba.-,al ganglm 
(<i> Gross filling-<Iefect of the floor of the 
nght lateral MnUricle Case l»o R 1 1005 
(6) Tumour of left thalamus there is slight 
fillmp defect of the floor of tlie body of the left 
lateral ventricle the third ventricle as seen 
in this postero antenor projection i« displaced 
towards the right and both lateral ventricle ate 
dilated Case ho 3228 
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sinus, jx>vterior edge of 
the Ics'^r tv mg of the 
sphenoid and of the 
panvS}hnn region nL«o 
occur these often giic 
characteristic appcir 
nnces m ottlinar\ rvdio 


grams 

Temporal tumours 
produce groat lateral dis 
placement of the tcntri 
cular stem espccialh 
of the third \cntriclc 
irhich iisuillv forms nith 
the septum hicidum an 
angle or cune convev 
towards the opposite 
side (Ejg 100) The 
descending horn is ob 
(iterated or is thmne<l 
(Fig 100) and dbplacod 
most usually in a medial 
and upwartl direction (Fig 
(loS) and sometimes to a 
remarkable degree (Fig 
1 U>) In posterior tcrai>oral 
tumoup? the anterior part 
of the temporal horn ma> 
be filled while the jios 
tenor part onl} is narrow cd 

When the tumour is 
large there la often com 
presnion and narrowing of 
the liodj of the corre 
spondmg lateral aentriclc 
its upj>er outer angle be 
conies pointed and its 
lateral aspect IS concare in 
contradistinction to the 



rio II- — (fl) Aitrocj-toma of tip po>.tero infenor part 
of ttn |«ft fmntal lol*p proj^ting into thft f>pptnin liici lum 
and mto tic latpral \pniricl(>« Ciuto Vo 983 



Fio Jl* (b) CaloifNl oI ^len IrogJ oma of optic 
thalami* proj'ctni: up into the IkkU of the lateral 
Tentncle It n teen tliAt the actual s ite of tl e lumonr 
cannot be estunate^l from tlio size of the area of calcif ca 
t on Caro \o 2^09 


appearance seen with panetal tumours when the upper outer angle of the 
rontncular body is rounded and ita Jateral margin straight or even conteic 
outwards (Fig 09) The lateral di'^phiccment niaj be «o great that the 
callosal gyms is displaced beneath the faK with the production of further 
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^ent^ICular deformit} (Fig'? 
100 and 101) 

Tumours of the Basal 
GangUa and Caudate Nucleus 
— ^These deeplj placed tu 
mours, almost inranabh 
gliomas of rapid or slow 
grow til sometimes produce 
appearances of bilateral 
hydrocephalus with no 
filling of the third ventricle, 
that are difficult to distm 
guish from the appearances 
of tumours withm the third 
ventricle Alore often how 
ever, there is a character 
Fio 113— GlioblaWoma multifonw of the corpus istic deformitj of the floor 
callo um Case No 18"4 of the bodj of the coire 

spondmg lateral \ entncle, 
associated \Mth displacement of the thurd ^ entncle to the opposite side This 
deformitj is best seen in antero postenor postero antenor and lateral stereo 
scopic projections (Fig 111) When the defect m the floor of the lateral 
ventricle forms the large arc of a small cu-cle (Fig 112?/) it maj be difficult to 
tell bj \entriculograph} 
whether the tumour is pn 



manlv intra \entncular and 
operable, or whether it 
arises from the basal ganglia 
extending secondanlj into 
the ventricle and is thus 
inoperable 

Tumours of the Corpus 
Callosum and Septum Luci- 
dum — "Malignant ghoinas 
arise m the corpus callosum 
or spread into it from the 
u lute matter of one or other 
hemisphere The corpus 
callosum mcrea'-es m depth 
and Ls displaced downwards 
on to the bodies of the lateral 



aentncles tending to push 
them apart (big 113) In 


Fro 114 — Antero poetenor projection of the same 
case as Fig 113 
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the antero posterior \entriculogrMn the hteral ventricles appear to be 
separated from one another and their upper margins arc pointed {Fig 1 14) 
but no actual ‘•eparation occurs unless the tumour spreads mto the septum 
lucidura The lateral ventricles are usiialK not dilated if the tumour 
occupies the centrum seraiovale of one side as upll as the corpus callo um 
they ^\lll be displaced towards the opiwsitc side 




Fi 115 — ^Trueings of ^ontnculogrBins (<i> pneal tumo r (6) stneturo of aqueduct of 
S^lnus Cai cs So 364 and 1 

OJwmas limited to the i>©ptwm hicidum haae been encovntered some of 
them benign astrocj*tomas The\ give rise to bilateial sannmetrical ludro 
cephnhw and obstruction of the foramina of Monro with failure of the third 
sentncle to fill The shadosi of the tumour is \TsihIe otherwise the np 
pcarances are identical with tliosc of tumomr of the third ventricle 

Tumours of the Third Ventricle and Midbram — The po itioii of the thir<l 
ventnelo and the special jirojections ncccssarj to di'«})la^ it m ventriciilogrims 
have already lieen descrilietl The importance of completeh filling the lateral 
ventricles with air m order to secure good pictures of the third \entricle 
cannot be oier stressed Of the tumours that oecupi the third lentricle 
region soiuo arise within the ventricle — colloid c\stj> epidermoid cssts arising, 
at a Ingh level and cliolesteatomai. — and arc benign operable tumours othor'h 
anse in its wall or in the optic chiasm and are inoperable gliomas and 
others evtond from adjacent stniotiires Irom the pituitary gland and it 
stalk epidermoid cj sts or pitmt irj ndenom i'. ina\ evp ind into the region of the 
anterior part of the tliirtl vxntncle and large aujirasellar meningiomas produce 
similar deformity TumourN of the puieil bodi evtend into the posterior 
part of the third ventnelo or even fill the whole of its cavitv Tumours of 
the basil ganglia aho obliterate the cant\ of the tlurd ventricle 

In tumours of the anterior pirt of the tliuti ventnclc there is oltetnietion 
of the foramina of Monro and bilateral Jivdrocephalus of the lateral ventritlcTi 
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In the majontj no air is seen in the third ■ventricle though repeated strong 
hyperextension of the necl and gentle shaking of the head from side to side 
mil sometimes coax air into the anterior part of the tliird ventricle when the 
first pictures have show n no air in that region The ventriculograms of colloid 
cysts of the third ventricle are often characteristic (Eig 144) because of the 
rounded outline of the shadow and its position immediately below the 
foramma of Monro but those of the other tumours of the anterior part of the 
third ventricle aie not in any way distmctive except that lateral displacement 
of a partially filled third ventricle indicates that the tumour arises in the basal 



Fic 116 — For vard displacement of th© aqueduct of Syl U3 n a caso of cerebellar mcdullo 
blastoma Cose No '*0 8 

ganglia In most cases evidence of the pathological nature of the tumour is 
not provided by the ventriculogram and can bo derived only from clmical 
exammation or from operation 

lumours of the posterior part of the third ventricle are mostly tumours 
of the pmeal body or midbram It is important that every effort should be 
made to distinguish them from tumours of the anterior part of the third 
ventricle since the operative approach is quite different The distinction is 
not difficult except m tumours that fill the whole third ventricle when it may 
be impossible to decide by ventriculography whether the tumour has ansen 
in the region of the hypophyseal stalk or m the pineal region Tumours of the 
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pmeal tody and midbriin, and stnctures of the aqueduct of Sylvius, often 
^ve the same cknical syndrome {signs of raised intracranial pressure, pupils 
that are fixed to light, and loss of uptmd movement of the eyeballs), and some 
cerebellar tumours can imitate pmeal tumours closely m their cluucal signs 
This group of ca'^es tests tlie technique of ventnoulograpliic examination more 
than any other in them it is of the utmost importance to fill and displaj the 
posterior part of the third ventricle and the aqueduct of Sylvius The lateral 
rentncles are siTuraotrically dilated and the anterior part of the tliird v entnole 
as a rule filled In pineal tumours the shadow of the posterior part of the 



Fio 117 — Lateral displacement of the aqueduct of Syhius and fourth ventricle in a c\ie 
of htcmangeioblastoma of the left cerebellar ton*»d Ca^io >iO LII 30459/1938' 

third ventricle is almost invariably encroached upon, and the aqueduct of 
Sylvaus, if it shows at all, is narroued and displaced downuards (Fig llSa) 
In tumours of the midbram, accortluig to the narrow mg and dis 

placement of the aqueduct, in the absence of any encroachment on the shadow 
of the posterior part of the third ventnde, provide a pathognomonic picture 
In strtciures of the aqueduct of S^ttus the tiurd ventricle is groi^sly dilated and 
the shadow of the aqueduct IS curtailed (Fig 1156), or invisible Tlie visible 
part of the aqueduct maj be trumpet shaped , it is never displaced forwards 
or laterallj , as m cerebellar tumour If the whole of the aqueduct is seen the 

' This case and the cases of Figs 153, 171, and 174 were under the car© of 3Ir D VV C- 
Northfield to whom we are indebt^ for generously placing his inatenal at our disposal 
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Fic lia — Ujdrocephaitu due to bloci>ag« of the foramina of LuschLs and ^lagendie, as a 
result of chronic adbesixe meningitis The fourth \entticJe is marked by srroirs In front of 
that are seen the anterior parts of the de«oendjog horns the third tentricle, and the anterior 
bom» each nith Its orcTi fluid Jeie) C8«e No KI 3893 


assumption should be that the lesion is in the postenor fossa, even though no 
part of the shadow of the fourth \entncle is visible 

Cerebellar Tumours —The fourth \entncle is best examined by lateral, 

both postero^anterior. 



and special projections 
(page 85) The common 
tumours of the cerebellum 
are gliomas {especially 
astroettoma, medulloblas 
toma and ependymoma), 
hatmangeioblastomas tuber 
culomas, metastatic tu 
mours and cholesteatomas 
Cerebellar tumours are 
prevented from expanding 
upwards bj the tentonum, 
and m consequence do not 
dtsplace the postenor horns 
of the lateral ventricles 
A’entriculograms show dila 
tation of both lateral and 


Fic 119 — Cjstogram of sellar eptdeinioid (Rathke 
pouch) cyst extendmg into th^ right frontal lobe There’ 
IS also calcification vnthm the eeUa and Eeparstion of the 
coronal suture Boy aged 6 Case No 188 


third ventnehs and of the 
aqueduct of Sylvius The 
aqueduct may be displaced 
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fonvards tOTvard-? the lja«i occiput iirodiicing i kink (Fig 1 16) and is at times 
bent latenllj (Fig 1 17) Flic fourth \entndle is obliterated in part or occas 
loinlh coinpIeteU andlu•l^ be (tiitphced lateralh u hen the tumour occupies 
the lateral cerebellar lobe -rather than the vcnUis (iig U7) Ly-iholm states 
that in all Iiis cases of tumour of the lateral oerebelhr lobe m contrast to 
tumours of the acrmis it u as possible to demonstrate air m the fourth \ entnole 

Pontine Tumours —The aqueduct of Svhius and the fourth \entncle are 
displaced m a dorsal direction and at times hteralH In some cases the 
proximal part of the aqueduct h dilated 

ARACHNOIDITIS 

Adhesions and thic! enmg of the arachnoid m the posterior foss i alwaj s give 
rise to great dilatation of the whole xentnoiilar sxstem but esjiecialh of the 
fourth xcntncle Usualli 
the blockage occurs at tJie 
foramina of Luschka and 
Magendie but at times 
dense adhesions both sub 
dural and stibaracliiioid arc 
found at the foramen raag 
num If the foramma of 
Luschka and Alagendie are 
obliterated the dilatation 
ends at this region (Fig 
II8; but uitli obstruction 
at the foramen magnum the 
air ma\ be een to pass out 
into the cistem> especial]} 
mto the cisterna nngna 
There is no displacement 
of the fourth x entricle and 
aqueduct 


Durmg ventnculograpli} for unlocalised bram tumours the needle ijeeking 
tile lateral \ entricle sometimes enters a cyst Such cj-sts are with scarcelv 
an exception associated xxitli a sohd tumour in the form of a mural nodule 
AVlnle the cj-st is being emptied air can be injected or if the cj st is largo 
air will eater spontaneous]} through and alongside the needle as more and more 
fluid IS w itlidrawn since the bram is enclosed m a boiij cose that will not 
collapse (Fig 1 19) Appropriate projections should lie emploj ed to show the 
medial lateral anterior and posterior walls of the cast outlined by air The 



Fio 1 0 — Cxj.logmm of tefl fronlo par rial evat c 
(umo u* Arm ra ^arX the prohablo » te of a ;na»a of 
sol Itimo r jn tlewall of d eeyat aj 1 tl e rolcif rd patrJ 
bela» the cysf it prahai h o P*rt of tl e j>o 1 1 tomour 
Co e'So i3"7 
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extent and position of the 03^1 can thus be accurately shown, and sometimes 
the position of the mural nodule is disclosed bj a flattening of, or projection 

into one part of the spherical 



Fig I’l — A glioblastoma mult forme of the left 6ptic 
thalamus and tJ inl ventnde {a) Is a cjstogram of 
the more superficial part of the tumour (6) A >entn 
culogram shows a defect in the shadow of the lateral 


or ovoidal border of the cjst 
(Figs 120 and 121) 

Similar technique roaj be 
emplojed to displaj the 
precise situation of large 
abscesses after pus has been 
withdrauTi from them In 
abscess thorotrast can be used 
instead of air with reasonable 
safety, as suggested bj K!ahn 
(Fig 122) 

II SCARRING AND 
ATROPHIC LESIONS 
Destruction or shrmkage 
of brain tissue from any cause 
is followed bj compensatory 
dilatation of the cerebro 
spuial fluid pathuajs sihicb 
can be displaced by en 
cephalographj or ventnculo 
graphy Thus as was first 
shown by Daixdy Foenler 
and Penfitld, a large number 
of contracting snd atrophic 
lesions of the bram can be 
studied by air mjection (Fig 
87) The shrmkage of the 
bram may be localised as 
for example m penetrating 
head injury or porencephaly 
(Fig 123) or generahsed as 

in diffuse degeneratuelesions 

of the brain, like AHietmer s 


ventricle corre ponding to the c^st and another large dlSBdSC 


defect m the po tenor part of the s) adow of the third From the practical stand 

ventricle Case 'No '’111 , ^ 

pomt the most important oi 


the contracting lesions are those which follow head uijurj After a penetrat 
mg head mjury the dura becomes adherent to the surface of the bram at the 
site of injurj The damaged brain tissue is absorbed and there is overgrowth 
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of tlio fibrous eJorncnts of the 
neuroglia The tlura like nnj other 
mcsohlastic connecti\c ti sue lu re 
sf)on«e to injury foniis fibroblast 
and these gron mto the damaged 
hram tissue uitli the re ult that 
tlierc IS irogresM\e deiiosition of 
i ollagen and scarring and contrac 
tion of the d imaged brain iho 
starred brain is adherent to the dura 
iml to the oierliing scal|) The 
ealp thus becomes sunken througJi 
the area of bone defect At the same 



t.mothesearrtclarcion>r-vmtisue ^ 

caerts a pull on the deeper strue oyn formo of ti o r It ten powl 

tures and produces a di\ erticuUim iol»ee\ic lit totlothaianu Ci.oNo'’S 4Q 
)f the adjacent lateral ventricle 

riio process of scar formation mav go on for \ear» as Pevfel { ha» shonn with 
increasing traction on the surrounding brain and mere King habilitj to epiJepsv 
The diverticulum of the vointncle become*, progressive}} larger until nothitijj 
remains between it and the scalp at (he site of tlic old penetriting injurj ex 
tept I thin laver of den e collagen and ncumgtia containing perhaps a few 

degenerated nerve cells Wide 
escihion of such a scir with 
consequent rcleaeeoftnctiou 
on the brain k followed m a 
considerable number of ca^es 
^ h\ relief from epileptic 
^ attacks 

^ Such ca es come undei 

^ ^ r when epileptic attacks lia^c 

> sujx?rvened at a vanable in 
vNkISII^BII^ ^ tervalofjears after the head 

^ mjur} Eneephalognphv is 

jg 'JjSwteiyp jS^ the method of choice for air 

^ injection because in tins tv’p> 

" of case it IS not dangerou® 

tiG 1 3 — V lup. jKjwnwrUlc" evst of tlo left "^nd there is need to studv 

otc p t U IoIki conneclM ith ths lateral \en1nc1e Male the subar'iclmoul spaco as 

.CM 13 Wentne or r.M lanl nolc^l m Ho tot tcntnculai 

jrftroflfo l-ro u ageof 7 rp ! pt c altAck* bopniunt; m * \ t 

n^bt Itonci it loner I omonvmo utiemianop a tnotor **'Stem \ large amount of 

nnlwnwirj b ffi ^ n nel t arm an t log C^«c \o ♦icr air «hould fie injected up 

'Knui — S 
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to 160 c c , or even more Projections tangentnl to the diverticulum as 
well as routine projections should be emploved and ^ary with each cas^e 
Ihe radiograms show a wide mouthed diverticulum extending from the lateral 
ventricle up to the site of the old bone defect (Pig 124) The rest of the lateral 
^entncle on the side of the lesion is slightly or moderately dilated, the \entncle 
on the opposite side is normal oi slightls dilated The septum lucidum lies 
\ertically in the middle line oi ls slighth displaced towards the side of the 



lu 124 — rraction dl^ ertipuhiin of left lateral ^ellt^lclc m ft ease of traumatic epilepsy 
< oinpound left frontal injury at tlie age of 6 Epilepsy from the age of 1 G onwards Operation 
1 1 tl «• age of 29 no fits thereafter up to Ihe time of last ol ser\ ation fii p years later 
Case No 1339 

lesion In addition there ma\ be some collections of air on the surface of the 
brain around the edge of the bone defect 

Closed head injuries maa also produce focal destiuction of brain tissue with 
changes and eiFects similar to tho^ found after penetrating injuries There is 
in these cases as would be exjiected less mvasion of the brain by collagenous 
fibrous tissue than in penetrating injuries and m consequence the ventricular 
di\ erticulum tends to be smaller On the other hand the superficial lakes of 
subarachnoid fluid may be larger e$peciall\ m those cases m which the dura 
has not become adherent to the surface of the bram 

Focal schirmg of the brain occurs after healing of a brain abscess 
may often be associited with xentncular diverticulum and epilepsy 
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removal of tumours of the cerebral hemisphere the resulting ca%it^ is usualli 
tilled m part bi a dnerticuhini of the lentncJe if during removal of the 
tumour it has been neeessart to divide minv cerohml veins or artenes the 
shrmkago of bram tissue luav extend bevond the lied of the tumour All of 
the<5e changes, can be displayed bv encephalographv 

Slurmkage of the brain with the formation of ventncular diverticulum 
or subarachnoid cvstie collections follow** after an interval tlirombosis of 
cerebral reins obstniction of cerebral artenes and the absorption of intra 
cerebral blood clot llie area of brain damage is usuallv more extensive 
than m focal head injurv Cvstic cavities m the hram substances sometimes 
occur in these cases andmaV 


Ixj connected with the ven 
triclebv tinv holcslPig 1^5) 

Diffuse dilatation of a 
large part or the whole of 
one lateral V entnele is found 
m cases of cjulepsv and 
dementia foUcwing birth 
injurv and in congenital and 
infantile cerebral atrophv 
the causes of which are not 
vet elearlv defined In tlic 
focal and diffuse cerebral 
atrophies of adults obo 
localised or diffuse dilatation 
if the ventricular sv<tem 
will bo found 

CEREBRAL ANGEIO. 



Fir I o — FomiPeplale r ilum of the 

right lotrral xrnlntl^ filled l>v enceplialoprepli} Tie 
enlaiped •nd t rtuo n men nceol ^nnueU suggest that 
it mnj I Ave l»wn K*coi»dar' tr» « me ange mntoi * mnl 
f nnation Ci-^No a 40 
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Cerebral nngejograiihv was introtlucctl bv Ifoiii' in 1927 The 

method consists in injecting radm-opaqiio solutions into tlie cerebral circulation 
and cjcamimng the vascular tree mth \ rajs At first l/b«4S called it “ cere 
bral artenographv but later he found that the vems and venous sinu*es 
could also be studied and so changed the name Various solutions have been 
usetl sodium iodide (25 per cent ) abrodil and thorotrast The least irritating 
of these IS thorotrast and that ls now used excliisivelv It is not however 


in ideal medium for it is a permanentiv radio activ e sulKtance and is not 
eliminated from tlie Ixwlv , it is stored m th6 rcticulo endothelial sj-stem and 
can in some cases be shown bv radiograms m the liver and spleen months 
after it has been introduced into the circufation RuxxtU and I orfhfdd have 
shown that thorotrast ma\ aUo be retained in the cerebral ves.els around 
n tumour where it niav aggr-vral© the preexisting svmptoms In spite of 
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these objections to the use of thorotrist cerebral angeiographj is in some 
cases of such diagnostic importance that its advantages outweigh the chances 
of immediate or remote complications The method has added considei 
ably to our knowledge of cerebral vascular disorders 

Technique 

Thorotrast is introduced into the common carotid arterv under local 
an'Testhesia usually after exposure of the arterj by open dissection though 
m a few chnia subcutaneous injection lias been practised The fact that the 
external carotid and its branches also become filled is not a hindrance to 
interpretation of the pictures 1/onis has shown that the circulation of 
opaque solutions is much slower m the external carotid and its branches to 
tlie meninges and coverings of tJie cranium than in the internal carotid 
which supplies onlj the brain and the retina He estimates that the 
circulation of blood from tlie internal carotid arterj through the cerebral 
capillaries into tlie large cerebral veins is accomplished in three seconds 

The injection of thorotrast is made as quicUj as possible through a 20 
gauge serum needle and 10 c c of 2o per cent solution of thorotrast are use I 
An exposure not longer than one tenth second is made when 0 7 c c of the 
solution have been injected and a second film is taken two seconds later 
For this technique cassettesmust be changed rapidly and if mistiming is to 
bo avoided it is most im[>ortant that the surgeon and radiologist should 
rehearse the procedure several times before each injection is made Most 
of the mformation is obtained from the first film The carotid arterj on the 
side of the suspected lesion is first injected and after the films have been 
developed it may be desirable to inject tlie artery of the opposite side Both 
projections are lateral the patient lying on his back 

There are variations of tins technique Monxz uses a special rotating 
cassette and tal es six exiiosures m quick succession Lohr and others of the 
German school take antcro posterior exposures as well as lateral Each iiei 
projection entails an additional injection of thorotrast 

A method of injecting the basilar artery has been devised Moniz but is 
very seldom used The injection is made into the subclavian artery after 
dissection and compression of the artery on the distal side this causes the 
thorotrast to be forced back agamst the blood stream into the vertebral arter} 
and so to the base of the I rain 

Normal Appearances 

The arteries of the brain are seen on the film taken two seconds after 
the commencement of the mjection of tlie thorotrast into tlie common carotid 
arterj The mternal carotid artery reaches the interior of the skull by passing 
anteriorly through the petrous portion of the temporal bone m the carotid 
canal As it leaves the carotid canal it turns upwards and then describes an 



VEXTRICXJLOGKAPHY AND ENCDPHALOGRAPHY 


117 


S-sliaped loop Ijmg betueen the K^e^s of tije dura mater which form the 
cavemoussmws ThB]oopi.shnow-nasthe“cnrotidsiphoi) ’’and forms pirt of 
the lateral wall of the pjtmtan fossa (Fig 126) The noninl shape of the 
siphon vanes greatly, and a complete extra Ioo]> mav sometimes be ^een 
The siphon divides mto three main groups of vessels (i) the anterior cerebral, 
supplymg the frontal lobes and dn tdmg into the pe^cal^o^al and callosal mar* 


Fig 126 — Normal arteriogram showing needle m tho common caroti t , the external carotid 
and some of its branches the internal carotid and its bninche« SG the Svhian middle 
cerebral group AC the antenor cerel rol arterj AC, pericallosal branch Case No *’216 

gmal arteries, which iisuallj show plainlv m the arteriogram , (u) tlie Sjlnan 
or middle cerebral group, w luch is the mam group and supplies the bulk of the 
blood to the hemispheres , it gives nse to the pO"tenor temporal and posterior 
panel'll branches , (lu) a small postenor cerebral group, usualh formed by the 
jimction of the postenor communicating arterj wuth the postenor cerebral 
artery This group fills after some delaa , and is poorly outlined m most cases 
Occasionally, however, the mam posterior cerebral artery anses directly from 
the internal carotid instead of from the basilar, and then it shows clearly 
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The veins of the brain appear on the film taken two seconds after the 
first and four seconds after the beginning of the injection and the smases 
of the skull are best seen tvo seconds Jater (Fig 127) An intermediate phase 
may be seen between the first and second exjiosures m which the thorotrast is 
in the capillaries and the result is that the w hole of tl e bram field appears 
more opaque than usual A fraction of % second later the superficial veins are 
seen to be filled the superior cerebml \ems running to the superior sagittal 
sinus and the inferior cerebral vems towards the base of the hemispheres 



tiG l‘>7 — ’Sorraal phlebn^am sho iigb pe orfind nfer or long tud nal Buiuges gfeat\enof 
Galen atagltxn s Cae No ^ 1 C 

Tn o large s eins are often \ mhte t]ie first tl e anasforaot cr vein of Trofard 
connects the superior sagittal and the caiernous smuses the second the 
posterior anastomotic \em of Labfe unites the middle cerebral vein (superficial 
Sylvian) to tl e lateral s nus Later still the sinuses of the skull fill but it is 
uncommon to see good filling of the superior longitudinal and lateral smuses 

Indications and Pathological Appearances 

Cerebral angeiographj has been employed for localisation of mtracramal 
tumours and other expanding lesions of tl e brain These lesions displace 


Vio. 128r». — Left wteriogMin m » ta»c af njjlit temporal 8l>«a'e*. The re^seLs ih;j a 
4tr8iehter couree and ait> more widely sepnratwl from one anothe? than nonnal, mdieating 
hytlrocepholui of the left JaternJ ventncle. 
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t'lo. 12S&. — lligtit arteriogram in ft i»!>e of npht temporal abscess (the Kamo ca=ie a< Fig. liSo). 
Tlie main jmddie cerebral nrtcriM are di<-plaoed upward-* by the ftbscca*!. Caao Ko. 2838. 
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r anpiirt in of the njzlit po<tprior communicating artery Case 
No 2’IC 
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\es>eK{Fig b unl c) andret'irtl olx>tTwct oral tunes dilatation of 
the vessels in the Meinit\ of tlte tumour Tlte circnhtion \nthin tlic tumour 
itvelfma} Ikj Msiialised and this maj proMde i ndiogripluo diagnosis of the 
pathological tJ^)c of tlio tumour, as. Umcirfa Lma has shouai the presence 
of a nctnork of large and irregular acnous channels in the area of the tumour 
suggests a ghohlastomv imdtifonne while n faint diffuse sltadon produced 
In thorotmst uithm the cnpillaTics of the tumour suggests a nienmgionin 
Vbvence of an\ aes«els, m tlic region of a tumour, uhuh is recognised b> 
<lis|)laccment of nnm arteries ns in Pig 12d(tiamle) suggests the presence of 
i e\ st a solid a‘>t^oc^•tQma or i\n alncoss 



>1 130 »n«?vir)sm of tl intcn «l canUi lartcn Woman aged o3 Ca.i No 310 

In \ae\\ of the possible immediate and remote complications of thorotnst 
and the efficlenc^ of aentnculographa it is questionable nbether cerebral 
angeiogxapln should be emploNcd ns a routine aetessor\ method of tumour 
diagnosis until some radio-opaque substance has been found tint is both not 
irritating to the cerebral vessels and not permanentl\ radio active The clear 
indications for cerebral angeiographj arc (1) for the localisation of cere 
bral aneurysms m which surgical treatment is desirable {Braimcell and DoU) , 
(2) for the differentiation without operation between aneurysms of the carotid 
^ud ophthalmic arteries and pituitary tumours (Jefferson) , (3) to establish the 
pathological diagnosis and precise situation of certain angcioraatous malfor 
Illations of the cerebral vessels eases presenting as a rule, under the gujse 



CENiRAI NERVOUS SYSTEM 


of iiitracianial tumours but requinng quite a different method of treatment 
namely irradiation uith or without carotid ligation 

Cerebral Aneurysm shou’^ usually as a spherical sac attached to one of the 
mam cerebral arteries (Fig 129) After the thorotrast has passed from the 
cerebral circulation some of it mav still remain in the sac of the aneurysm 
I arge aneurysms are easih recognised (Fig 130) but are occasionally lined witl 
"lot so that the size of the thorotiist shadow is not a precise indication ol 
the size of the ^ne^u^ smal sao 



i- 


Tic 131 •\trro>e oi angpomntous malformation of r ght cerebral 1 em phere Ca o 
Is.o 342G 

Angeioroatous MaifoimzUoos — The radiographic appearanepi! vary greath 
In artcrio venous aneurysm there is usually the sliadow of one or more dilated 
ind tortuous a essels leading up to a coded mass of dilated blood \ essels in an 
area that often shows fled s of calcification (Fig 131) Sometimes the area of 
malformation shows m angeiognms only as a diffuse shadow' of irregular 
outline and \arjing mtensita (roaww) In venous angeioraa the angeiograins 
show only slight venous enlargements and these are not easy to display 

Frontal Lobe — Lesions situated anteriorly will press the anterior cerebral 
and pericallosal arteries backwards and will depress the anterior part of the 
Sylvian group The carotid siphon may aEo appear to be depresi^ed and 
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forced back towards the petrous bone The posteriori} placed frontal lesions 
depress the Sylvian group, cau^sing a concavity m its upper edge , the pen- 
callosal arterj is depressed and the carotid siphon displaced downwards, but 
not posteriorly 

Parietal Lobe. — ^Parietal lesions usually cause the vessels supplying that 
part of the hemisphere to be crowded towards tlie hasp of tlie skull If the 
tumour IS situated low in the hemisphere there luaj be separation of the vessel® 
The vessels chiefly affected are the posterior brandies of the middle cerebral 
artery, consistmg of the nscendmg parietal, the temporo panetal, and the 
posterior temporal arteries If the tumour lies deeiily in the bram substance 
the vessds ma\ be separated from each other and stretched over the 
tumour 

Temporal Lobe. — ^In lesions of the temporal lobe the commonest findmg 
IS an upward displacement and crowding together of the S}lvian group while 
the carotid siphon tends to lose its normal curves and become straightened 
The vesseh at the low er edge of the S} 1\ lan group may become concave at 
their lower margin If the tumom is situated far posteriorly m the temporal 
lobe the carotid siphon will be unaffected, but tlic postenor part of the 
sylvian group will be elevated It is with this group of tumours that arterio 
^aph} may give assistance ui a very difficult case, though it is very unusual 
0 be unable to make a diagnosis from ventriculography 

Pituitary Region — The tumours of the pitiiitar} fossa and neighbourmg 
^larts may cause delay m the passage of thorotrast, owing to compression and 
narrowing of the arterial trunk Letvieen the tumour mass and the lesser wing 
if the sphenoid , at the same time the normal curves of the siphon lUaj be 
straightened, while in tlie jiostero anterior v^en lateral disphcement of the 
vessel maj also be seen 
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CHAPfER IV 


INTRACRANIAL LESIONS 
INTRACRANIAL TUMOURS 

As IN other branches of radiology tlie diagnosis of intracranial tumours 
cannot be satisfactorilj pursued by the radiologist without a working know 
ledge of the pathologj and symptomatology of the lesions under review It is 
not possible to giN e here more than a brief resume of the facts about intra 
cranial tumours but a short sectional bibhography of works which furnish 
more information is provided at the end of tlie chapter 

Intracranial tumours occur witli a frequency almost as common as that of 
tumours m anj other part of the body Their vaneties are numerous and the 
analysis of a series of cases observed h\ one of us between the years 1927 and 
1937 is shown in Table I 


TABLE 1 

tARlETIES OF INfRACKA^^AL TUMOURS (lO"? 1037 INCLUSIVE) 
(Benign and iclftlnetv ben gn type^ of tumour m ital cb) 



1 No or Cases 

PSECENTAOr 

iNCIDBNCr 

Olioma Group 

G1 oblastoma multiforme 

144 

10 J 

Cerebral and pontme astrocytoma 

6> 


Ctrtbellar astrocyte na 




2r 

3 5 

Ohgodendrogl o rta 

26 

3 5 

hpendymoma 

10 


AstToblasloma 

2 


Ganglioneuroma 

1 

0 I 

Pinealoma 



Ohoblasloma polarc 

3 

04 


1 


Unclassified gliomas 

*3 


'‘teningiojtia 

1 347 

107 

14 5 

F\i\ii(ary aa'enoma 

W 


Acoustic neunnovia | 

44 


Congenital tumours (epidermo ds dermoid cholesteatoma etc ) I 

15 


Blood lessel tumours \ 

34 

4 6 

Cysts benign (colloid cyst etc ) ■ 

9 


Metastat c tumours 1 



Sarcoma (primary) 

3 


Papilloma 

1 


Various benign 

6 


Various mal gnant 

10 


T iberculoma 

10 


Total 

738 

^ 


1*6 
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Approximately one-half of these tumours are benign ; the rest are raalig- 
lurit. The arrangement of the table is designed to separate the benign from 
the malignant, but the subdivision is not to be regarded as definitive • most 
varieties of tlic benign group occasionalh'exhibit malignant forms, uhile some 
in the mahgnant group are at times slow in tlieir development and do not 
recur after operation. In Table II is set out a brief resume of the radio- 
logical signs of intracranial tumours that Mere described in detail m previous 
chapters. This schema can be applied by the radiologist in the detailed 
consideration of any variety of mtracranbl tumour. 


TABLE II 

'SUiIil.\RY OF THE RADIOLOGICAL SICSS OF INTRACR\XIAL TUMOURS 
■i Plain X-ro’/ F*(rM. 

Direct tadiola^iical signs . Calcification m tumour 

Thinning of bone over tumour uilh or without bulging, b\ 
pres.'Uirc or bj invasion 

Thickening {hyperostosii) of bone over tumour, bv prewuire or 
by mvaaton 

Indimci rediolosical signs . Widening or narrowing of foramina 

lncrea.‘>e<i meningeal ciianneU over and near tumour 
Displaced pineal shadow 
Increased convolutional markings 
Separated sutures (locaU'Od or gonerah>.ed) 

ChangCM ui sella turcica 
Enlargement of foramina of emuMir} veins 
a VtfilneuUynMt (mth vanorn jnei))a) 

Utcrations m size, shape, and po-Kion of \v>ntncutar aj^tem, indicating the site ofobitructron, 
or of deformation 

I Cj/rtosrroms — Contruat media in cyst* connecte<l with intracranial t amours 

H Irtenoymvi* — ^Tumoura maj produce . 

Displacement of part of arterial tree 
Dilatation or narrowing of a mom cerebral arterj 
Abnormal distribution of blood voxels. 

Aneurysmal dilatation of bloml vessels 

Opaque shadows, from contrast medium m vessels of tumour 
Alterations in rate of circulation through intraeranial hlooil vps-seU 


£brfy SympbJms <rf latracratri^l Taemttc 

It will bo useful here to consider the more common s^Tuptoms that bring 
tlie patient under suspicion of suffering from an intracranial tumour. The 
first symptoms vary widely, depending on the situation of the ttimour, its rate 
of growth, the pathological complications to which from its histogenesis it may 
lie liable, and also on the tj^pe of the individual, especially as regards hh» 
jrersonalitj' and mental constitution. In each case, houever, the clinical 
picture w hen viewed over a sufficient period of time is one of ^irogrcssiie tiin&s? 
a picture of gradually or intermittently advancing disturbance of function. 
Tlie progressive character of the symptomatology is what distinguishes intra- 
cranial tumour and allied conditions from other dborders of the brain. 
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Hydrocephalic Symptoms — The most common early li\ drocephalic symj 
toms are headache lomitmg papilicedema and droirsiness Others occur 
img as a rule at the later stage consist of paralysis of the cranial nerve 
especially the sixth pair epilpetic attick extensor plantar responses and lo s 
of deep reflexes 

Focal Symptoms — Some tumours may jiroduce sy mptoms of local distur 
bance of one part of the hram before there is any evidence of general ri«e ( f 
intracranial pressure for example the first symptom of a tumour m the 
vicimty of the nght Rolandic fissure may be progressive disability of the left 
hand and this may occur long before the onset of headache or pap llcedema 
But even when the focal origm of a sy mptom is clearly understood it does not 
always signify that the tumour is situated m the correspondmg region of the 
bram since focal disorder may be prodiicetl at a distance from the tumour b\ 
distortion of the bram or by liydrocephalus The radiologist has seen froi i 
\entriculograms how one eallo al gyrus may be jammed beneath the free edge 
of the falx cerebri by tumour at a distance and how the third ventricle mai 
be distended in ludrocephahis from subtentorial tumour But the resulting 
symptoms are of relativeU late onset focal symptoms that occur early in the 
course of an illness usualli correspond to the site of the lesion 

Among earl\ focal sy mptoms of intracranial tumour must be con. idered 
the progressive loss of function in the cranial nenes the deafness •nhich u 
usually the first sign of acoustic ncuruioma and the \Tsual disturbance anl 
bitemporal hemiinopia uhich are the first exndence of some sellar and supn 
sellar lesions 

Epileptic Attacks — Mmor or major epilepsv beginning m adult life ivitl out 
any history of head injury or liereditara tamt is more often due to intracranial 
tumour than to any other cause and may precede by months or y ears the 
on«et of other symptoms The epileptic attacks may be focal or general ui 
character according to the situation of the tumour 

Progressive Dementia — Mental symptoms are common as a late result of 
raised intracranial pressure but they occur also as the first symptom m a number 
of cases of supratentorial tumour especially m the form of failmg attention 
and memory lack of initiative and deterioration of personality 

Disorder of Endocrine and Vegetalive Functions — ^These are common earh 
symptoms of tumour of the pituitary and third ventricular regions aid 
include disturbance of reproductive funCtion.s (amenorrhcea impotence etc ) 
of growth (dttarfism gigantism etc) of metabolism (glycosuria obe«it\ 
polyuria etc ) and of sleep (ha’persomma in.«omnia) 

Cranial Swelling — A visible or palpable sw elling on the head may some 
times be the first evidence of an mtiacranial tumour and may be associated 
with localised headache indejiendentlv of an\ alteration of mtracranial pre» 
sure The radiological significance of localised cranial gnellings has alresdr 
been discussed (Chapter 11 page 37) 
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PITUITARY TUMOURS 

'lljc pitujtau gland ls an endocnue gland, and its dj*ordeis produce pro 
found efTects on the re«:t of the bod\ and on its functions The majontj of 
kno%vn Ie«ions of the pituitarj gland are e\p'indmg lesions which compres*. 
and stretch adjacent structures, tlnis producing signs of local disturbance in 
addition to the endocrine signs , of these the most important is los«i of nsion 
from pressure on the optic chiasm The disturbance of \nbion ib pnmanlj 
bitemporal (or occasionally homonymous) hemianopia and this often advances 
to complete blindness if the lesion is not treated Hitherto endocrine treat- 
ment of pituitary disorders has not been attendcil w ith great succe-iS, and the 
best that can so far be achie\ ed in roost cases of pituitary di«ease is to pre'^erve 
vision by relieving pressure on tlie optic nenes and chiasm This is done bp 
operations (which in the hands of evjierts hive reached a remarkable degree of 
perfection), and also especially in acromegaly b\ Xra^ treatment 

In most eases the diagnosis of an expanding pitintars lesion should be 
made m the first instance bi evaniination of the patient’s visual fields the 
X ray diagnosis iieing mercK confirmatory , but m not a few instances radio 
graphic evaimnatioii demonstrates apjiearance» from which not only' the 
presence but also the patliological nature of the tumour can be inferred , and 
in bome instances aho it provides the surgeon wath information as to how the 
tumour may best bo approached at operation 

Pituitary tiiniours are almost invariably adenomas of the anterior Jobe or 
epidermoid tumourb of Rithkc s pouch the eveeptions bemg rare cases of 
carcmomi The growth of the adenomas is usually slow In most cases it is 
for many' year? confined to the sella turcica, Iml exentually often only* after 
ten or fifteen years, the dwphragma seJlae gnes way and the tumour extend*? 
mto the intcrpeduncuhr «pace or into the adjacent frontal or temporal 
lobe (Fig 1 1 9) 

Pituitary adenomas are of three kinds (n) chromophobe nthnomn?, com 
[Ki-'cd of cliromophobe non granuHr ceJN (i) ctctdophil adtuomai eompo^ed 
of cells whose granules '•tain with eoHnc and other acid dyes thb» i-s the type 
of adenoma asbociatcd with acromegaly , (c) On'iophl udenoma-i, composed of 
cells whoso granules stam witli Jwsic dyes 

Basophil Adenoma is -small and docs not produce any ciiKrgement of the 
sella turcica or other change tlinl can lie seen m radiograms of the skull It 
has recently been associated by Cuehing with a symdrome of basophilism w Inch 
i- do--cribcd m Chapter XL 

Acidophil Adenoma Acromegaly — Acidophil adenoma produces aero 

nicgaly or, if the epijilu'ses are not united acromegalic gigantism This 
Hymdnimo i-* too well knoivn to retjUire description here Prom ratbograms the 
radiologist can ob-enc mani of the changes that the disease produces * the 
generalised tinckonmg of the bones and nne\enne«s of their surfaces, the 
Mim— 9 
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tufting of the phalanges tlie great development of the lower jaw with coiise 
quent projection and sepaiation from one another of the teeth, the prominence 
of the supraorbital ridges (due to the great size of the frontal smuses) 
(Tig 132) and in acromegalic giants kj-phosis In all bones the markings of 
muscular attachments are accentuated Wheit\er there is an ojien ep^ph^sls 
'ictivebon^ growth is going on but the changes of icroniegali nre not confined 



Ilf Id’ Acioisegali i Jip (.kiapiam si ow. cnJaij.eii«*nt of tl p nelJu fit d * 

fioi tnl unlives generalised thickening of the akuil lione'- and piolongation of the lower ja 
Th" sPiriif irf iilar shadow al o\e the petroiin lone i due to the eartilagp of the external par f « 
No loSi 

to the skeleton Theie is nlso generalised enlargement of the soft tissues ar 
viscera (splanchnomegah ) Sexual d>stroph\ also occurs males lose sexu 
desue and eventualh become impotent and m females amenorrhcea is oftc 
one of the earliest sjmptoms Gljcosuna and luTierghcremia occur soom 
oi later in about 25 per cent of the cases 

The sella turcica is usuallv enlirged As a lule the enlargement tend? < 
lie deeper than m other t\pes of adenonntoiis enlargement it is slniost 
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deep as it is Ion? often gourd shaped and the dorsum sell® presents a scoojied 
out appearance Tliere is much leas destruction of bone b;\ pressure than 
occurs in cliromopbobe adenoma, because in acromegnh the sella participates 
in tlie general bon\ overgron'th and is thus thicher and more resiatant to 
pressure Tins doubtless explains the se\ere headaches that often occur in 
acromegalv, m contrast to the ab ence of headaches in chromopliobe adenoma 
uluch easily breaks tlirough the thinned bony floor into the sphenoidal sinus 
In a few ca=es of acromegaU the sella is identical m ith that seen in chromopholie 
pituitary adenoma, while m others iK “ire is within normal hmits 

Chromophobe Adenoma — ^Tliis tumour is at least four times as eommoii 
the acromegalic adenoma, but its endocrine signs are much less conspicuous 
and the diagnosis is «ometmies not made until the disease i» far advanced 
and the patient alraost bhnd Tlie prC'enting sjmptom i* almost alwajs 
failure of viaion In contrast to acromegal>, headache is mconspicuous 
Endoenne signs may be completeU absent, but man\ patients though the\ 
would pass for normal in the street *.how certain changes m Inhitu* a slight 
degree of adiposity a pale delicate «km, a scantiness of hair on the trunk, and 
face As m acromegaly there is as a rule, «exual d\strophy 

In chromophobe adenoma the sella turcica is usnallv considerably enlarged, 
but in some cases its size may be \ntlun normal limits The anterior lolie has 
an. epithebal extension along the stalk of the pituitarv gland from which 
«npn diapliragmatic adenomas can ari'C in the'^c cases sellar enlargement 
may not occur, ei en though the tumour i> large TJie seWa turcica nicaj aI«o be 
normal m size m the early stages of introeelhr adenomas In this connection 
it must be notedthat development of chromophobe adenomas may be estremels 
-low for example, a patient with such a tumour may have omenorrho?a 
for ten or fifteen sears before Mie experience- any svmptoms due to com 
})reo'ion of the optic nerves and clua^m The radiological characteristics, of 
the ‘:ellar enlargement are tlio«e which have alreadi been described in 
Chapter II 

It IS important to realise that the adenoma mas an*® m an\ part of the 
antenor lobe and that its effect*? upon the sella maa be hunted m the first 
instance to the neighbourmg part ol'tfie selfa A tumour arising at the antero 
lateral aspect of the anterior lobe mas produce thinning of the oserlymg 
chnoid process, or concasity of its, under surface, while the other antenor 
clmoid process is> still normal and the rest of the sella is onU moderateh 
enlarged In other laterally placed tumours one side of the sella may become 
enlarged and deepened while the other side is unaffected, thus giving an 
appearance of a sella of double outline even in a perfectly lateral radiogram 

Oilcification has been reported in cliromopbobe adenoma, and may aLo 
occur in the diaphragma sell® oi er the tumour In sucli cases the radiological 
appearances at times resemble those of cerebral aneurysm, and it ma\ be 
necessary to perform arteriography to settle the diagnosis In chromophobe 
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adenoma there are no radiological signs bejond those shown in films of tlie 
skull The frontal sinuses are not enlarged 

In certain cases of epidermoid tumour of Rathke’s pouch, w here the tumour 
develops within tlie sella turcica rather than above it, and is not calcified, the 
radiological appearances maj be identical with those found in chromophobe 
adenoma Pituitarj tumours occur m uhich there are slight signs of aero 
megal^ combined uath signs of chromophobe adenoma The radiological 
appearances m such ca<Jes are tlie same as those of chromophobe adenoma 


SELLAR AND SUPRASELLAR EPIDERMOID TUMOUR (Syn TUMOUR 
OF RATHKE S POUCH, CRANIOPHARYNGIOMA) 

Tumours of squamous epithelium are found within and above the sella 
turcica and they probabL arise from remnants of Rathke’s pouch, the 
evagination of the pnmitiie buccal cavita from which the anterior pituitan 
lobe IS developed Remnants of this pouch arc found in the pituitarj gland 
m a large number of subjects and tliev can apparentlj start to grow at altQo«t 
anj age and may form large tumours The tumours are benign Sometimes 
they are composed of a solid mass of squamous epithelium, but at other times 
they contain one or more largo cj sts the fluid of w hich is of greenish hue and 
glistenmg from the presence of cholesterin crystals Usually they are calcified 
sometimes mtensely sometimes only slightly and m one part The denseh 
calcified tumours may be found to contain bone 

The tumour may be situated entirely within the sella turcica or may be 
entu^ly above it occupy mg the interpeduncular space and obhteratmg the 
third ^ entncle In some cases the tumour is both wjthm and above the sella 
Cystic extensions of the tumour mav burrow into the frontal or temporal lobes 

or even into the panetal 
lobe (Fig 119) 

Tlie syTOptoms produced 
vary greatly with the age 
of onset and w^th the 
situation of the tumour 
In children growth is dis 
turbed from compression 
of the anterior lobe of the 
pituitary gland and the 
Loram type of dwarfism 
produced The dwarf i» 
perfectly symmetrical aud 
IS of normal or even height 
ened intelligence, but his 
sexual development i-? u' 



Fiq 133 — Caldfcl Rupra-*ellar ep lemiojl tumour 
r e No 3«j 
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abovance His epipliyses 
remain open c^ en up to the 
age of 3b, as in one case m 
our senos In aridlescenis 
the disturbance of groivtJi 
nia\ not be ob^ jous b\ the 
time the other symptoms # 
arc acute WTien the 
tumour does not begin until 
the patient is JuUy groxcn 
disturbance of habitus is 
not so profound but is iv 
nile the skin becomes pale 
md delicate and there is lai —supra!*ilar cpiJemoii tumowr solii m »t» 

hue unnklmg of the face tower part exotic abovp Cose No 177 

uhI scanta grouth of hair 

in aiipearancc suggesting premature 8eniht\ '^evual d^stroplu occurs from 
compression of the anterior lolie of t)ie pituitary and the patient js often 
Irtugiud, Ictliargic and sleep! 

When the tumour extends or desolops aboac tlie sella there maj be distur 
banco of metabolism of carbohvdratea and water from pressure on the bj'po 
thalamus The patient inai become fat usuaUi onh to a moderate degree 
ijul ma> su/Ter from tNcossive thirst and polinirin The tumour often obhter 





li ns— Sixcu-^csofop Irnnu 3 (Riitlke|x>uch) tiimnur fl] owingxsmtionsin t) ( sppearanco 

of tl c sfllii txireica luid of citlctl cation in tbo tumour 
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ites the third ^ entncle and blocks the foramina of Alonro and the resulting 
hydrocephalus mth its attendant headaches \onijting and papilladema mat 
be the most prominent feature of the clinical picture almost completely 
obscuring the manifestations of pituitar\ dtsorder m such cases from 
clinical examination the diagnosLs of tumour of the posterior fossa ls often 
suggested man\ neurologists confronted with such a case must have expen 
enced a feeling of profound relief when the \ rajs revealed suprasellar calcih 
cation thus settling conclusi\elj a diagnosis that would otherwise ha\e been 
reached with difficultj As in pituitarj tumours the optic chiasm is usualli 
involved with resultant bitemporal or homonj mous hemianopia but hemi 
anopia is sometimes absent particular!} in those cases in which the tumour 
arises m the floor of the third xentncle 

There are great sanations in the radiological appearances produced b\ 
epidermoid tumours depending mainis on the position of the tumour in relation 
to the sella turcica and on the presence or absence of calcification Calcifica 
tion IS the most conspicuous feature of these tumours and is usually diagnostic 
Sometimes it is widespread throughout t! e tumour as an area of great densits 
(hg 133) while at other times onh a fen flecks maj be visible and then onli 
in under exposed films diffuseU scattereil or limited to one part of the 
tumour Some tumours contain no calcium and cast no shadow at all 
as for example the large cjstic and solid tumour shown in Fig 134 

The appearance of the sella turcica aaries \\ hen the tumour hca entireh 
aboae the sella the most common finding is partial or complete destruction of 
the dorsum sell® and there is as a rule also diminished densita of the re t of 
the selh The sella m sticli cases does not become enlarged often it is small 
and shallow (Fig 135) If there is no calcification the appearances presented 
m radiograms are not specific and we base several times seen exactlj similar 
appearances m the sella produced b} a glioma of the cerebral hemispheres at 
some distance from the sella M hen the tumour is entirel} wnthin it the sella 
enlarges m just the same waj as m chromophobe pituitarj adenoma and if 
here is no calcification it may be difficult to make a differential diagnosis 
from the radiograms However in epidermoid tumours there is often a 
lendencj for anterior prolongation of the sellar enlargement beneath the 
‘interior clinoid processes which are theroselses sometimes unusuall} long 
In addition in non calcified intrasellar epidermoid tumour the clinical signs 
of hj'popituitari-jm are usualK much more intense than in chromophobe 
adenoma the skin of the face is more wrinkled pale and wax\ t! e «exual 
dj stroph} i-i more evident the extremities colder the blood pressure and 
basal metabolic rate low er 

The rentriculographic appearances of epidermoid tumours are those of 
^jTnmetncal hvdrocephalas of the lateral ventncles often of se\ere degree 
wuth obliteration of the lower part or the whole of the shadow of the third 
ventricle (I ig 130) Cistic extensions of the tumour max be rex ealed radio 
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gnplucallrbA uijctting an 
mtothem(Fie II*)) Son\c 
times air ma\ enter the 
cj&t spontaneoush (F 12 
t)6) In encephitograpln 
tlie presence of an cpiclei 
mold cjst ma\ obliterate 
the cisteni'e ehn'jnmtis 
ind mterpeduncuhris> and 
thu,". prevent tlieir filling 
with air Wide the 
that these cisterns have 
hlled suggests that an 
tpidemioid tumour is not 
present, this ts not a reliable 
-ign as we hav e seen them 
filled m the pie-ence of such 
a cjst Conversely the 
absence of good filling of 
the cisterns does not ncccs 
sarily prove that there n 
in expanding lesion in the 
region, of the tuber 



tic 131) — Lp<ipm)o) I (]lBtl)l.cpouf)»l cvbt of tbo third 
lenlnoV T1 m> lateral Nrntncles are grwitlj* dilated 
(tlicugli not tlie mrenor Jiom f Only the upper part of 
the thini ventricle w Pllwt with air Ca 0 B I J38T 


vinereum it mai result from errors m technique Other \ laj signs of 


epidermoid ci*8ts concern the bom abnormahtiea of dwarfism of the I/itam 


tvpe (Chapter \L) 


MENINGIOMA 

■Memngiomas) which comjirLse about lo to 15 per cent of bram tumoun,, 
insc from the meningeal envelojics of the brim Most of them arts surface 
tumonrs attached to the dura, but some come from the faK cerebri or tentorium 
and a few are withui the lateral ventricles and arise from the choroul plexuses, 
or from the membranes that pass to the surface through the great transveise 
hasure For detailed desenption of the histological apjiearances the reader 
referred to works on pathology [Rio Hortega Baxhy and Bucy) Wiat 
IS of radiological importance is that many meningiomas tend to form lound 
masse* of hyaline fibrous tissue known as psammoma bodies, and thc'-e 
•'Ometime* become calcified in a few cramal meningiomas bone formation 
also occurs The«e changes may reveal part or the whole of the tumour in 
the radiograms In a few cases meningiomas ai'e multiple and are associated 
with bilateral acoustic tumours, m such cases, psamraomntoiis chtngts 
sometimes occur in the choroid plexuses of the lateral ventricles and rcndei 
these stnietures vusihle in radiograms throughout their whole extent 
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The superficial meningiomas ha\e certam favoured sites alongside tlie 
sagittal smus, o\ er the Sj Ivian fissure, at the lesser m mg of the sphenoid, in the 
oKactor\ groo\ e and cribriform plate, and occasionalh m the cerebcUo pontine 
angle Thej- are tumours of sJou growth and are usualh benign Occasion 
allj , however, the} invade the overljmg bone The} embed thera«elves m the 
bram as the} grow, but do not invade it The tumours are usuall} spherical 
hemispherical or ovoidal and ma} attain an enormous size (ni) to 10 cm or 
more m diameter, and 300 grm or more m weight) Sometimes, however, 
the tumour grows e« plague and this t 57 >e of menmgioma usuall} measures 
onh about 0 5 to 1 cm m its dee/icat part and is associated with eicessn e 
growth of the ov erl} ing bone 

'^ince meningiomas grow \ei\ slowK the neurological signs produced 
them are often of an inconspicuous character and ma\ be ven difficult to 
interpret correctl} especialh when thev are of the so-called “ false locaksmg ” 
t}'pe For example a meningioma of one cerebral hemcsphere mav produce 
weakness of the same side of the bod} , and a meningioma m the frontal 
region mav produce mmibne-^s and anaesthesia of one side of the face, a «ign 
more suggestive of a tumour alongside the fifth nerve or Gasserian ganglion 
Ihe difficultv of localisation of menmgiomas by clinical methods alone render«. 
the radiological examination of great importance, especial!} as menmgiomas 
usuallv give positive radiological signs that indicate not onlv the situation, but 
aUo the nature of the tumour In certain situations however the clinical 
h}Tiiptom.s produced b} menmgiomas are fairlv sharp!} defined For full 
description of these the reader ls referred to recent monographs on intracranial 
tumours, but the mam jwmts roaj be bneflv mentioned 

Parasagittal Meningioma — The menmgiomas alongside the sagittal sinus 
m the region of the Rolandic fissure cominonlv produce attacks of focal epfiepsr, 
of a motor or sensorv character m the contralateral limb-, The contralateral 
limbs become progre««ivelv weaker, and when the tumour compressses the po^t 
Rolandic region there is «ensorv loss of a cortical tv-pe (i e astereogno'is 
impairment of postural sensibilitv and of tactile discnmmation, but no defect 
of appreciation of light touch and pamful stimuli) In addition, there are 
usually the signs of nse of intracranial pressure headache, vomitmg, papill 
cedema, drowsme-^s and slowing of mental processes 

iMenmgioraas alongside the sagittal smus in the occipital region produce 
very few locahsmg signs apart from an homon}Tnou.s liemianopia w hich affect* 
the lower quadrants before the upper , in some of them slight sensory los.* 
of a cortical t}'pe may be ob-»erved in the contralateral limbs at tunes, from 
]iressure on the parietal lobe Parasagittal menmgiomas m the frontal region 
anterior to the precentral gvrus mav gi\ e no locaLsmg signs of a type that can 
be easily inteipreted 

Suprasellar Meningioma — Thia tumour produces very slowly progressive 
disturbance of sight with pnmaiy optic atrophy and bitemporal hemianopia 
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1 he sella turcica is ‘seldom eriHrge?! and usually there are no signs of endocrme 
disturbance such as occurnith pitintai\ tumours Hj'pero&tosis or rouglien 
uig of tlie tuberculum sell® js the eTception On rare occasions a suprasellar 
meningioma is calcified 

Olfactory Groove Meningioma — In. tins tumour loss of smell m one or both 
no>tnlb. IS the most important climcil localismg sign In addition there 
n'.mllv progressive loss 


of sight associated some 
twits tFith hilaitr'i} 
papillocdema and at 
other times with jinmarv 
i ptic atrophv ofonedi t 
ind papillocdeitia of the 
thei As the tumour 
otten extends backuards 
t > stretch the optic 
thiasm bitemporal 
hemnnopia is common 
These tumours aixs aUo 
usunllj accompinied h\ 
list of 2 >rotejn in the 
(.erebrospunl fluid from 
the normal 0 02 to 0 04 
])er cent up to 0 I per 
ent or even higher 
Hvperostosis of the 
nbnfonn plate orofthe 
bone between the cribii 
tirm plate and ojitic 
CToove IS a common but 
bv no means mmriable 
ladiological sign It is 



fiest seen m the true 
literal projection as an 


Fn. 13 — Hj-pero to* a oi» tl e leaser wing of the sphenoid 
iue to mening oina l»>stero anter or a 1 1 lateral projeetio s 


elevation and thicken t^ageNo 15"I 


mg of the bnear shadou 


winch represents the floor of the untenor fo«&a behind the cribnform 


plate 

Sphenoidal ndge Meningioma — Thu* tumour rarely gives any obv lous 
lotahsmg clinic il signs apart from tho^e associated \\ ith tluckemng of the orbit 
ind evopJitkilnios, and mioliemont of the idj'icent optic and ifcidomotor 
nerves Hv^icrostosis of the bone can usually beseenradiologicallv It vanes 
from slight thickening of the base of the antenor cUnoid process and the 
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adjacent inner part of the lesser wmg of the sphenoid (Fig 137) to diffuse 
hyperostosis of the orbit (Tig 57) or of the middle fossa (Fig 110) 

CerebelIo-pontine»angle Meningioma — The symptoms of this tumour ait, 
the same as those of acoustic neiinnoma 

Radiological Signs of Meningioma 

\ ray examination gi\es positue localising signs in ibout "7 j er cent 
of all cases of supratentorial surface meningiomas These signs maj be 
(1) changes m the overlying bone (2) clianges m the cranial blood vessels 
(3) changes in the tumour itself and (4) artenographic appearances 

(1) Changes in the Overlying Bone — Changes m the bone over the surface 
of a meningioma may be produced by invasion of the tumour In tliese ca«e 
the bone almost mvanably becomes thicl ened forming a hard mass on the 
vault or temple (hyperostosis) (Figs 32 and 33) or if the meningioma is on 
the base of the skull producing proptosis of the correspondmg eyeball b\ 
thickening of the bony uaJls of the orbit (Fig 57) The radiographic appeal 
ances of these bony changes usually show increase of density at the site of 
invasion (Fig 32) but sometimes m the vault the density of the invaded 
bone is less than normal (Fig 31) 

Changes may also occur m the bone overlying a meningioma without 
invasion of the bone by tumour The most common of these w a small jro 
jection of the inner table of the skull (internal hyperostosis) at the centre of 
attachment of the tumour (Figs 40 140 and 159) This hyperostosis is be t 
seen in tangential views It may be produced by traction or pressure of the 
underlying tumour or bv the establishment of fresh vascular connections 
between the dural attachment of the tumour and the overlying bone In other 
cases large v eins on the outer surface of the dura over the tumour may produce 
thmnmg and resorption of the overlying bone and even an mconspicuou'' 
nodular projection of the skull Meningiomas which have spread outward 
through the dura but have not yet invaded the skull mav produce a 
similar nodular projection 

(2) Changes in the Cranial Blood vessels — ^Menmgiomas of the falx ten 
torium and choroid plexus and a faw of the surface meningiomas show i o 
change in the vascular markmgs of the overly mg bone Superficial tumoi r» 
of this ty'j e are usually avascular oi get most of their blood supply fron 
the cerebral rather than from the meningeal blood vessels "Most menmgiomas 
are vascular tumours and their growth is associated with mcrease m size and 
number of the blood vessels of the overlymg dura and bone The mcrea«e 
of blood supply show's itself radiologically m the following ways 

(a) Increase in the size tortuosity and number of the meningeal channels oi 
one side of the skidl Enlargement of the mam meningeal channel on one side 
m comparison with its fellow of the opposite side is a common finding w 
meningiomas of the convexity Meningeal channels in an unusual place on oiil. 



ric I3S («) and (U) — A left parietal 
imrabagittal ineningiorna. In the opera- 
tion nketch (6) the iltira Iia-< been diMcled 
On the inner a--pect of the bone flap an 
enlarged meniiipenl clinnncl is seen leading 
up la an internal hj'peroitosjts. Tlie pin 
pouit perforations tn the hyperostoois are 
for flue ta^cular rhansels rrhich cstoiiOt 
be !$hofm radiologically. The sJoagrani (a) 
shovra, however, numerous intramedullary 
vUMUilar channels, especially in the region 
of the hyperostosis. Tlie tortuositj' of 
the vessel channels is well seen. Ca=e 
Xo. 2831. 
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side of the skull should also raise a suspicion of the presence of a meningioma 
(Fig 138) When se\eral meningeal channels on one side converge towards 
a point near the middle line it is practically certam that there is a menmgioma 
beneath this point and efforts should be made to secure by a series of 
tangential views evidence of an mtemal hyTierostosis at that point If a 
meningioma extends to each side of the middle line the meningeal channels 
on both sides may be enlarged 

(b) A cluster of fine branching or radiating channels in one area of the skull 
IS highly suggestive of meningioma In the same area there is usually seen m 



some \ lews one or more 
pm head holes which are 
due to blood vessels per 
forating the bone These 
channels can only be seen 
well m stereoscopic radio 
grams of high quality (Figs 
40 and 138) The small 
arteries which produce 
them are most often on tiie 
inner surface of the skull 
but may be within the 
bone or on its outer surface 
(c) Increase m the size 
and number of diploic 
channels may occur in the 
presence of a meningioma 
but it is difficult to make 


a precise radiological diagnosis on such apiwarances They are not specific 
for menmgioma and may occur witli rise of intracranial pressure fiom any 
cause they may be as large on the contralateral side as on the side of the 
lesion It is necessaiy to add that where there is pathological increase of 
vascular marl mgs it is not always possible to distmguish radiologicalh 
between meningeal channels and diploic channels 

Eandence is accumulating to show that after removal of a menmgioma there 
IS fairly rapid diminution in the size of adjacent meningeal and diploic channels 

(3) Calcification — In the tumour itself there may be diffuse calcification 
(Fig 139) or ossification (Fig 1) occasionally a portion only of the tumour 
may be calcified (Fig 140) and then it is difficult to distmguish the tumour 
radiologically from a glioma In some lai^ meningiomas part of the edge 
of the tumour may be seen in profile as a faint but regular curved line of 
calcification and this appearance is distmctive 

(4) Artenographic Appearances — ^In arteriograms meningiomas may cast 
a diffuse but faint shadow but m some cases no shadow is visible and tlie only 
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‘•igns are those of displace 
tnent of part of the cerelirnl 
artenal tree 

Differential Diagnosis of 
Meningioma 

The foUQ^Mng nornnl 
radiological appearances 
should be distinguished 
from those due to nienm 
gioina (a) bonj or calcified 
plaques on the faLc or 
elsewhere on the dura (Fig 
2) (6) hjqierostosis ui 

tema or diffuse li\j)er 
trophj of the inner table 
of the frontal bone (Fig 
150) (c) normal diploic 

< Imnnels (Fig 38) Chronic 
leptomeningitis duo to al 
•oholismorothercause ma\ 
lie aasociatcd w ith an exces 
Mcaj proliferation of arachnoid granulations which lead to radiological changot* 
'.trongU resembling meningioma (Fig 3) The cranial manifestations of local 
stoitw fibrosa (Fig IGOa) luaj occasionally produce appeannce'> resembling 
those of a basal meningioma with hxpcrostosis but in such a case the great and 
uniform increase of densit\ of the bone and the wide extent of the changes 
will iisiinlU arouse Rusjucion and comprehensive radiographic examination of 
the long bones wall rarely fad to reveal other manifestations of the disease 

In iwnostcal sarcoma of thcslnill the bony clinnges as seen radiologicalh 
ire usually still slight when the tumour palpable on the surface of the head is 
tlrcadv large (Fjg 35) and this serves as a rule to distinguish the condition 
from mcnmgioraa with hvperostosi^ but in some cases of slow growing 
pe^o^tcal sarcoma and of metastatic carcinoma affecting the skull the radio 
grajiluc appearances mav be identical with tho e of a meinngiomatous hyper 
obto^l.s and onlv histological oxaimnation will isettle the diagnosis Tins is not 
surprising, Mncc the reaction of the skull to invasion by tumour does not 
apjiearto Iw apprccnhl\ influenced b\ tl»ehbtogene'«i-' oftlie invading tumour 

GLIOMA 

Gliomas eomjinsc ncarlv 50 jwr cent of all intracranial tumours Thev 
are tumours of ncuroglio the supixirtmg cpiblastic connective tissue of the 
brain, and thev present a great vnnctv of wadeU differmg clinical and Jiisto 



Fir 140 — Inl^mal hvporc>«tc>»H with Irft otnpilol 
I icningioroA Note the la>>e v Bacillar el «m el> leniUnp to 
tio heperoHicH >• The anienor JHai% ii of the tnmnur 
had ui IrnnncralohraCion an I ‘•hon'x a a famt ahsdoir 
m {ieot«<i l)\ All om>« points to 

U> 1 >cn>stOsW C««e No *144 




Flo 141 — Bulging and tl nning of the right pai ital bone m a 
right frontal an I parietal lot es in a chil I age 1 5| jear^ 
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logical pictureij Some gliomas ate extremely malignant and these are com 
po'sed for the most part of poorly differentiated glial tells With these 
tumours are grouped some that arc probabK neuroblastic m nature it vrill 
be recalled that neuroglia aud nerve cells have a common origm from 
the embryonic medullarj epithelium Other gliomas are benign and are 
composed of ■well differentiated glial cells Ihere are all gradations between 
the lerj benign and vert malignant ghoma The commoner varieties mclude 
the folloumg (1) glioblastoma raultiforme (spongioblastoma raultiforme) 

{ *) medulloblastoma (3) astrocjdoma and astroblastoroa (4) ohgodendro 
ghoma (5) epend5auoma For full description of the histological tyjies the 
i-cader is referred to the works on the pathologa of intracranial tumours 
The direct radiological signs of gUomas are calcification atld thmmng and 
(m j oiing subjects) bulging of the slnill over the tumour Calcification occurs 
m about 20 per cent of gliomas if ma} boscattered diffusely or limited to one 
*mall area of the tumour and the inteimta of the process as indicated bj the 
clensitj of the shadou seen m radiograms Tanes greatlj The distribution of 
the calcification usuall\ gi\es a characteristic radiologictl pattern in ohgo 
dendroghoma and sometimes m astrocj’toma but in many cases it does not 
indicate the pathological tNpe of the ghoma (Figs C3 and 142) Localised thm 
nmg of the si ull occurs er slow growing surface ghomas especialh ui 
tliddren wlien it ma} be accompanied bv ^ocah^ed projection (Fig 141) 

Glioblastoma MuUiforme (Spongioblastoma Multiforme) — This is a rapidly 
<nonmg malignant tumour found inoit common)} m the white matter of the 
erebral licraispliere in middle aged people To the naked ej e it is often necrotic 
ind luBmorrhagic aud cysts single or multiple arecommon It nsnall} recurs 
I ipidlj after removal lu a few cases it isradio sensitive The clinical picture 
lepends on the situation of the tumour but a fairly rapid course and earlv 
nset of stupor are common features Duectiadiologicilsignsarenot common 
in glioblastoma multiforrae In some of them a small portion of the tumour 
imi be calcified but genenh«ed calcification does not occur Tlie probable 
explanation of such calcification wthat the tumour arises from dedifferentiation 
r reversion of a slon growing calcified focus of abnoinial glial elements 
iMedulloblastoma — This is a tumour of the cerebellum usually m childhood 
It grows rapidly and tends to spread through the nervous sjstem along the 
eiebro>piml pathuavs It verv radio sensitive so that successive recur 
lences of symptoms can be dealt v'lth b\ "Vrav treatment hut eventuallj 
after a period of one to five vears it faiU to respond to further treatment 
('alcification m this tumour is an event of great raritj and the radiological 
^igna are usuallv limited to tho e of rai ed mtiacrinial pressure 

Astrocytoma and Astroblastoma — ^In the cerebellum astrocytoma occurs 
as a well differentiated benign tumour and m the cerebral Iiemispheres as a 
less well defined tumour that is not as n rule lustologicallv homogeneous 
mils in fact often imved with astrobhstic or glioblastic structures Cv&t 
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I* 10 14’ — C nlcifietl olico Ii’ci Iroglinina of the right occipital lobe m a girl aged 12 }ear>‘ 
Case No 1733 

formation is common m all \arieties of astroc^'toma Calcification is rare in 
cerebellar astrocj-tomi but occurs mtli considerable frequenct m cerebral 



rir 143 — 01i,?i>ilt*nOro^J 


f the left csUosal ^ru'» an 1 iwl^acent yiarta Ca-e No - 



INTEACRAI^fAL LESIONS 


145 


astrocNtoma, Avhen it ma\ be difiu«?el3 scattered through the iihole tumour or 
localised to one part of it 'The density of the calcification I'anes from ca«e 
to case, ns does its «5linpe Cerebml astnocytoma is the mo'.t common 
variety of tumour to produce localised thinrting and projection of the over- 
lying shuU ^ ' 

Oligodendroglioma — ^Thts tumour is found m -the cerebral hemispheres of 
adults It compo'^ed of small round oligodetidrogln cells, mixed with 
astrocytes The tumour is of relatively slow grow th, but is bable to sudden 
hemorrhages, at tirae-s fatsl Calcification i* common m ohgodendroghoma, 
and frequentU 1ms a characteristic distribution in w a\ i lines along indiv iduai 
con\olutions (Fig 143) In its spread the oligodendroglioma frequently 
invades the brain mthoiit disturbing its comolutional Ixattern 

Ependymoma — This is a tumom that occurs in’ the walls of the \eiitricles, 
especially alongside the fourth ventricle, and also m the w lute matter of th“ 
cerebral hemisphere, doubtless ai iving there from re<sts of ependy mal cells, such 
as are not infrequently found m the brain at some distance from tlie \entri 
cular wall The tumour is one of slow growth, whicii does not gi\e ii^e to 
severe sy mptotns os a rule until it has attained a large size This is especially' 
the case in ependy momis of the cerebral hemisphere of young chiJflren T]ie%e 
may weigh as much as 400 grm and they are usinJly calcified In posterior 
fossa ependymomas calcification is rare indeed, m all tumours of the 
cerebellum calcification is so nre tint it is not of s'llue for rhfferentiai 
diagnosis 

ACOUSTIC NEURINOMA 

The acoustic neurinoma is a benign tumour an>mg nauslh from the 
vestibular portion of the eighth nerve in its course through the cerebello 
pontine angle from the porus acusticus to the pons Occasionallv the tumour 
arises on the nerve wnthin the petrous bone It may- be bilateral and i'> then 
associated with von Reckbnghau«en‘s neurofibromatosis The tumour is quite 
benign, and produces its hannful effects by pressure oil the adjacent pons, 
cranial nerves and cerebellum 

The chnical picture is one of progressive unilateral cerebellar disorder, w ith 
deafness on the corresponding side, and to a lesser degree, iniolvenieut of the 
sixth, seventh, and otiier adjacent cranial nenes IVith this are associated 
the signs of raLsed intracranial pressure The protein content of the cerebro 
spinal fluid is almost inranably raised 

Radiological proof of the presence of an acoustic tumour is rareli called for, 
smee the chmeal picture of the condition is so sharph defined This is for- 
tunate, for, apart from the very rare occurrence of calcification in the tumour, 
the only direct radiological sign is dilatation of the porus acustioas, and that 
IS far from constant, eaen though most acoustic tumours occupy tiie porus 
Furthermore, according to Afoyer, slight differences m the width of tlic porus 
XKm — 10 
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on the two sides maj be within nonnal limits In a few cases there is also 
diminished denslt^ of the apex of the petrous bone (Fig 59) By ventncu 
lographj it can be shown that these tumours produce in addition to internal 
hj droceplialus nairowing of the aqueduct of Sjlvius and displacement of it 
to the opposite side 


METASTATIC TUMOURS 

Metastatic tumours constitute 7 to 8 per cent of all intracranial tumours 
The most common primary tumour is carcinoma of the hilum of the lung but 
other frequent primary tumours are carcinoma of the breast prostate kiduej 
(Grawitz tj-pe) and melanotic carcinoma of the skin or eje In a considerable 
number of cases the ftr-st s\'mptoms of illness are produced bj the cerebral 
niestastases and this fact should alna\s be borne m mind during clinical 
investigation of cases of intracranial tumour m which the illness is of short 
duration 

Apart from the rare occurrence of metastatic osteogenic sarcoma of which 
an example was recently reported b\ Courvtile metastatic tumours are not 
calcified and the chief importance of simple radiographj in the«e ca*-es i» to 
reieal ehmcallj silent pnmars carcinomas of the lung Ventriculographi 
ma> sometimes arouse suspicion that a case under ini estigation is actuali^ one 
of metastatic tumour when in a patient with a short hlator^ of illne«s and 
obMou ^ent^culog^aI)hlC evidence of a tumour m one cerebral hemisphere 
there is also dilatation of both lateral ventricles In rapidlv growing glioma 
of one cerebral hemisphere the ventricle on the side of the lesion la usuafh 
collapsed In rapidly growing metastatic tumour of one cerebral hemisphere 
the corresponding lateral ventricle i> usually also collapsed if the tumour b 
solitary but if as b not uncommon, there is a further metastatic tumour in 
the cerebellar vermis then the ventriculographic appearances are tho'e of a 
hemisphere tumour plus mtermlji^drocephalus Similar apjiearances mav be 
seen in Tcntnculograms of hemisphere gliomas after an illness of a vear 
or more when the ghoma has extended into the raidbram and has blocked 
the aqueduct of Sjhnus but m cases with a short history this \entriculo 
graphic finding is more coinmonlj produced by metastatic tumour than by 
an^ other cause 

"Metastatic tumours maj develop in the dura mater or overlying skull and 
may then grow quite slowlj and produce changes m the Ijone as seen by 
\ rays (Fig 165) 

COLLOID CYST OF THE THIRD VENTRICLE 

Colloid c\ st of the third y entncle is a small spherical ev st usually betireen 
1 o aud 2 5 cm :n diameter arising ihim the anterior part of the roof of the 
third y entncle at the ley el of the foramina of Monro (Fig I44a) Ithasathm 
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•wall, lined b\ a ‘•ingle 
Ia\cr of columnar cpithe 
hum and it contaitw thick 
gelntinou‘5 flmd Situated 
O'* it !■. m the thinl \cn 
tricle It the ex ‘ of each 
lateral xcntriclt it com 
inonU produce-* internal 
hidroccplnlus in 

the form of inttmnttent 
attatk** of f.reat and eien 
fatal uUen'*it\ 

The clinical sign-* of 
this le ion arc not often 
Ui'tinctuc Simple radio 
gnrns mis f-liow 'light 
enlargement of the ®<,lla 
turcica and other 'igns of 
ludioeeplialns but are not 
of hnaliMUg \ahie Certain 
dmguo-«iN of the site of 
ol>Nt mttioii ^n thc'-c ca'-e^ of 
xilloid can oulv Ik 
mnl" lit xcntnculopriphv 

aflci coinplelc Tt placement 
of the aciitncular thud 
air and cmploMiig the 
f^ltecinl projection to dis 
pla\ the anterior ]»art of tfie 
thml icniruJe flit cast 
i usunlK >harpK outlined 
a*, a filling m th< 

ufijKr anterior pirt of the 
third \cntricle (tig Utli) 

I ill sfinutmie-* there js 
complete hfockagt of the 
f{ ramma of Monro and no 
air in the thirtl leiitrith 
(.otioid t\M c\n Ik mic 
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h Mr (<*i I tlhol ci^l ept-e mrn (1 ms. a vilto 1 
fill ns I«nrt ftiwtl ti{ ^ ntrirt)- tl e c-m« 1 pe j -«» 
up into til* floor of tin- latcrnl wntoc! h nn I lowj want 
lit tlctt et\rninrl4* 

(1) tritwit jiTum of tl patnnt Tl •- 1 nr 

■.Iieniiitl will neof tl r ih rl M-ntn lo It-** t'-r rcid 
l« not prvatb i! I«e«l w) ti infuirr*! w lh tj «- d ffnv n! 
ii)at*tiuDof t>M ilirral Mi)inr}r-> (a»* N JCIS 


fiillt rt mot ch! from the third \entntlc ba an njijimich through the dihtc-l 
onten w hem of the Uttral aentnUe awl the foramen of Monro The diagnos-Ls 
dcjKii U luiinU ujxrn Mntnculograpba 
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CHOLESTEATOMA AND ALLIED TUMOURS 

Cliolesiealoina is nn epithelial tnraour It lias a thin nail lined bj 
squamous epithelium and an interior of fat and eholesterin cnstals the 
products of desquamated epithehum These tumours occur in the brain at 
various sites above the sella turcica, in the third and lateral \ entncles in the 
pineal region on the surface of the cerebellar vermis and on the surface of the 
cerebral hemisphere In similar situations there occur dermoid tumours which 
differ only from cliolesteatomas in containing hair and having a lining membrane 

which IS the homologue of 
true skin rather than of 
simple epidermis (Fig 145) 
Teratomas containing more 
liighlj organised structures 
deri\ atives of all tliree 
germinal layers are also found 
rarely w ithm the cranium 
(Fig 04) 

All these tumours mu»t be 
legarded as arising from rests 
of primitive cells that have 
become displaced during de 
^clopment of the embrjo 
The\ are not to be confused 
mth the cholesteatomatous 
masses similar m structure 
to intracranial cholesteatoma 
which occur m the mastoid 
Iirocess after chrome suppuration These masses probably arise bj epithelial 
ingrowth from the auditory canal though the fact that thej are sometimes 
found in patients with an intact ear drum and no historj of otitis does suggest 
that some of the petrous cholesteatomas are trulj neoplastic Under the 
name of intratemponl epidermoids J^erson and Smalley ha% e desenbed 
SIX cases in A\hich the presenting svmptoms were a slowlj progressne facial 
palsy and deafness without otitis The condition is only recognised wath 
certainty by radiograms of the petrous bone especially the fronto occipital 
projections which show cjstlike spaces with a capsule of condensed bone 
These areas of erosion maj even extend into the medial part of tlie petrous 
bone Neoplastic cholesteatomas may be found also in the diploe of the skull 
where they produce great thinnmg of the skull 

Intracranial cholesteatomas rarely give rise to direct radiograplnc sign’ 
though calcification has been reported as occurring in them In most situa 
tions their \entnculographic apjiearances are not distinctive but some large 
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cholesteatomas of the cerebral hemispheres produce air pictures that are un 
like tho'ie of other tumour^ Pi^ 14G shows the encephalogram of such a 
case The tumour ^las a large cholesteatoma of the left parietal region 
presenting on the surface of the hemisphere and embeddmg itself deeph in the 
subjacent brain The radiographic appearances shou remarl abh little lateral 
d!sp}acemeut of the ventneie^ and m the position of the tumour there are 
numerous mterlacmg air filled channels giving a mottled appearance It is 
evident that the tumour i-* surrounded b\ eerebrospmal fluid channels which 
are m free communication nath the lateral ventricle and po siblj al>o mth the 
subarachnoid channels on the surface of the brain The complete ab«enee of 
headache and papilloedema in this case is doubtless explained b} the singular 
lack of obstruction to tlie flow of cerebrospinal fluid Pattison has reported a 
similar case 


CHORDOMA 

Chordoma is a rare tumour which anscs from remnants of the upper end 
of the notochord on the cIivuls below the dorsum «el)£e It usualh destroys the 
basisphenoid and sometimes produces enlargement of the 'ella turcica mdb 
tinguishable from that of a large pituitarj tumour It rs not calcified 
Clmicalh the jncture ma\ resemble that of pituitan tumour or of pontine 
tumour multiple cranial nerve pakies are always present 


PAPILLOMA 

Papilloma is a rare tumour which arises from the epithelial covering of the 
choroid plexus of the lateral third or fourth ventricles The tumour expands 
wathm the ventncle and raises the protein content of the cerebrospinal fluid 
and smce it occupies a pre existing space jt raaj attain considerable size 
watliout producmg headache papilloedema or other signs of raided intra 
cranial pressure The tumour is not calcified The v entnculographie signs 
of papilloma of the lateral ventncle like those of other intraventricular 
tumours maj differ con«iderabIv from tliose of most tumours of the cerebril 
hemisphere inasmuch as the ventncle on the side of the lesion is seen to be 
dilated instead of being collapsed When this dilatation is due to tumour 
rather than to obstruction of part of the ventncle bv a more proxunallv 
situated tumour tlie air shadow is fainter than that of the normal ventncle 
or that of a V entricle dilated as a result of ghosts or other contracting lesions of 
the brain Papilloma is sometimes found m the substance of the cerebral 
Iiemisphere quite unconnected wuth the clioroid plexus of the lateral ventncle 
Such tumours doubtless arise from embrv onic rests of choroid plexus epithehum 
m the white matter Thev maj be a'-sociated w ith cv sts w hith are shown bv 
yentneviograph} to be dnertiada of the lateral ventncle? 


IKTKACRANUL LESIONS 


151 


TUBERCULOMA 

Infection of the brim with tubercle bitilh from some distant focus nn> 
result m the fomntion of one or more di<erete mi:«ses of granulomatons 
initenal known as tulierculomi Tlie size of the lesion varies between 1 cm 
iml 0 cm 111 diameter The common sites are m the cerebellum, centrum 
semi-ovale and imdbram 


Clinically , tiibercviloma 
usualK behaves hke an 
intncmmal tumour but in 
some cases the lesion has 
an inconspicuous develop 
ment Viecomes quie-^ccnt, 
md the presenting svinp 
tom IS one of epilepsy un 
ittended by an\ signs of 
lai ed intn cranial jirossure 
or othei avTuptoma of a 
prog^e^^lvc lesion To the 
niketl eve at oi>crntion tlio 
lesion may resemble a 
glioma but in most ci«es 
a past Instorv of tuber 
eiUoiis infection m other 
parts of the body is obtain- 
able winch should put the 
surgeon on his guard Tlie 
importance of tin-s is that 
the surgical treatment 
■should be cither radical 



Pk. 147 — Multiple cnti.ino<l tiilicrculomn m thvbroui 
{N«t« tlio tightly crenoted outlmo of the -ha Iowa ) 
Tlusea^o ffunvenfctl Tho | ntienl.a male 18 h£«l 
MitTeml from op lop-iy for four yeais Tlw re wa.« a strong 
rnmil> hwtory of tub« rculosis ami the patient ha 1 ha I 
pneximoma at the apt of » iliinng which he hal u 
fit 1 ncrplml graj hy shone I normal \calne1c'» Case 
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excision of the tubercu 


loma or simple decompression , biopsy or jnrtial removal of the mass is 
almost always followed by fatal tuberculous meningitis 

In chronic cases, which are however, relitivelv uncommon tuborculoun 


may be calcified <Fig 147) Theshadow may belobuhtetl irrcguhr, or circiihr 
The margins are sharply definet! and may present a crenated outline 
Calcified tuberculoma inav exist vntliout veutricuhr deformation 


PARASITIC CYSTS 

Cysticercosis m man is caused by ingestion of the eggs of the tapeworm, 
teema sohum and the consequent invasion of the body by the embry os Tlie 
embry os max pass to my part, but most commonly to the subcutmeous tissues, 
muscles, and the grey matter of the brun, where thev develop into tvbticerci, 
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the Ian al stage of the parasite The larva ma\ eKLst as a tm_> nodule for 
monthsorjears butthenbecoroesc\sticandsirells According to J/ocArfAur 
this change is associated wth the death of the lar\a As the parasite 
degenerates it maj become calcified 

Becauae of their predilection for the brain cjstieerci produce epilepsy and 
tins LS the mam almost the onl\ s\mptoni of the dtseace Cj sticercosis is 

most commonl} seen 
in tins countrj m tho«e 
w ho ha\ e resided in 
India and the onset of 
cpilepsv in anjone who 
has resided in India 
raises strong suspicion 
of cysticercosis Proof 
of the diaea‘>e rests on 
the demonstration of 
the parasite in an 
excised subcutaneou 
nodule or m the dis 
cover} b} "V rays of 
calcified cysticerci in 
r.o thcmuMlo^ofthelimb, 

brein Ca« No 30 j or m the bram (Fig 

148) The different 

radiological appearances presented bj c\sticerci have been described in detail 
b} ilorison 

Hydatid Disease is the lanal stage of taenia echinococcus and is founi 
sometimes in the brain though more commonK m the liver lungs and other 
organs It IS rare m the British Isles but common in Australia In the 
brain there may he one or more cysts Unbke cvsticercus the hvdatid c\'t 
attains a large size and it behaves like an intracranial tumour It i 
usualh fatal Ijefore it undergoes calcification but it ma\ produce in 
addition to signs of raised mtracranial pressure dcstortion and great thmmng 
of the skull over the cyst especially when the cv»t is extradural as m a case 
reported by Kneehone According to Deti the very large ‘•olitary cerebral 
cysts are found almost excliisivelv in children 

INTRACRANIAL ANEURYSM 

Most intracranial aneurv^ms occur on the base of the brain m the 
circle of W ilhs or nearbv m the arteries connected vi ith it MTuIe some are 
due to sa-philis and others to arrest of infective emboh m the cerebral artencs 
(mycotic aneury m) mci«t intracranial aneurv=m-s result from congenita! 
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weakness in the muscular coat of the artery at one point, usually at or near the 
origin of a branch ( Turnbull) 

Tlie majority of intracranial aneurysms produce no radiological signs, and 
111 the jia-st there have not been manj cases in which ladiologj has contributed 
to the diagnosis Nevertheless, in a few cases the sac of the aneurj sm contains 
(nlcium in its nail (Fig 149) , m others the 
aneurj'siu maj erode the adjacent bone and 
thus proMde indirect radiological evidence of 
its presence In other cases signs of pressure 
on the optic chia‘»ni, optic tracts, or optic 
nerves inaj be ac&ociated A\nth enlargement of 
the sella turcica and signs of d} spituitansm, 
and n dngnosis of pitiiitari tumour made 
These ca^es occur Avitli sufficient fiequencj to 
be of interest to the radiologist, and it is 
possible that with increasing experience he 
maj learn to suspect the true nature of the 
lesion from the manner m which the sella and 
adjacent bonj stnictures are deformed The 
enlargement of the sella resembles closely 
that caused bj pituitar} adenoma, though in 
aneurysm there i» a greater likelihood of destruction of the correspondmg 
anterior chnoid jirocess Jefftreon has jiomted out that some intracranial 
aneurjsms cause erosion of the lower and outer wall of the optic canal and 
enlargement of the sphenoidal fissure 

The development of cerebral angeiographj renders, it likelj that man} 
more intracranial aneurjums will be demonstrated ladiologically m the future, 
<ind it IS tlius important tint radiologists should be conversant with the 
iJmical picture produced b} intracranial nneurj^ms For details of the 
snuptoms and signs of intracranial aiieur}snis the reader is referred to the 
papers of Ftarnsuhs, Symomls, AUbrtghl, and A’odmss Some aneutjsms 
gi\ e rise to no symptoms and are only found at necropsy On the other liand, 
symptoms maj begin nt any ago and are of tno mmn groups (}) symptom‘< 
due to nipture of the aneurysm and li?cmorrhage , (2) symptoms due to 
jire's-^ure of the aneurysm on surrounding structures 

(1) 11 hen an ane^l^ 1 J%m rvpturef it bleeds usually into the basal cisterns of 
the fiubarachnoid space, for most intracranial aneurysms are situated there 
In a few aneury sms of the mtcmal carotid artery the hiemorrhage may be 
subdural, and when the aneurysm is of the anterior cerebral arten the 
liTniorrhage sometimes evtond*’ into the substance of the brain and even into 
the lateral ventricle The h^nioirliage may lie so severe as to produce sudden 
death Jfore often there is temporary imconscionsness, followed by violent 
headache extending from one side of Uio forehead to the back of the neck 



Jif 149 — CV!lri£.ration uj the 
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The cJmxcal picture then closelj le^mbles that of purulent meningitis hut ean 
be distmgiiLshed from it b} lumbar puncture ^^hlch shows free blood or its 
products in the cerebrospinal fluid In manv of the^e cases large retinal 
hsemorrhages appear around the optic discs {Riddoch and Goulden) AIan\ 
patients recover from one or more attacks of this nature 

(2) The. local sigm of aneurysm, mav occur during an attack of hiemorrhage 
or thej may be produced b\ enlar^raent of the aneur\sm mthout rupture 
The most common locsl signs are those due to interference mth the third 
cram'll nerve but the second fourth and sivth cranial ner\ es and the ophthal 
mic di\-Lions of the tngeminal ner\e of the same side ma^ al o be m\olved 
The optic chiasm or the optic tract of the same side mav also be pressed upon 
Ipsolateral proptosi^ maj occur The sella turcica mi\ become enlarged and 
in part destroved ^Vlien there are no episodes due to subar'ichnoid h»nior 
rhage these lobal signs maj suggest the presence of tumour such as meningioma 
of the lesser vnng of the sphenoid and arteriographj ni'iv then be of great 
importance in diagnosis Cerebral aneur\sms as a rule do not produce an 
audible bniit 

In recent vears ligation of the carotid artery has been emploved for some 
congenital cerebral aneurisms with promising results (Bramuell and DoH) 


ANGEIOMATOUS MALFORMATIONS 
The cerebral blood vessels give n^e to aneurvsms which have alreadi been 
described to angeiomvtous malformations and to tumours (cavernous, and 
capillary hiemangeioma and haemangeioblastoma) The tumours do not pre«ent 
anj direct radiological signs but the angeiomatous malformations are of 
considerable radiological importance Thej consist of coiled masses of blood 
vessels on the surface or m the sub'^tance of the bram These ve««els mav 
consist solelj of vems (venous angeioma) or of a mixture of arteries and vein.* 
(arteno venous aneurism angeioma racemosum artenale) 

Venous Angeioma — Venous angeioma consists of abnonnal collections of 
veins on the surface of the brain sometimes extendmg also deeplj into d’ 
substance The v eins maj be small and coiled or the} mav be verv lar?^ 
Their histological structure is abnormal and their walls are often calcified 
(Fig I50o) In some case!!, the adjacent bram cortex is calcified Thev hare 
been found m the cerebellum but are much more common m the cerebral 
hemispheres Tliev are usuillv unilateral and when the angeioma is wide 
spread the underlvmg c-erebral hemisphere is abnormallv small Similar 
abnormal collections of vessels mav be found on the meninges The condition 
mav be famihal 

The mam symptom of venous angeioma of the bram is epilepsv Some 
times this does not come on until adult life and then the mentalitv of th® 
patient is usuallv unaffected "Mo^t venous angeiomas give sviiiptoioa m 
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childiiood, including epilep'ij and some degree of mental deficiency Often there 
IS a!^o a mj^us, or port -is me stain, on the face usually on t)ie same side as the 
cerebral angetoma (Fig 1506) 'nieeorrespondingevenmj sliou buphthalmos 
congenital glaucoma coloboma, or otlier developmental abnornialitj Tlie 
neurological sign^. and to a wrtain extent the po of tbe fits depend on the 
situation of the angcionia Most often the angeiomn covers tiic greater part 
of one cerebral hcmi'-phcre and the fits affect cluefiv tbe op)x)site arm and leg, 
which are sscak and fcp<astic Sometimes howceer the angeioma ls practical^ 
confined to the occipital lolio and homon>nious henuano])ia is the onU sign 
r<ai)illn?dema and other signs of r)M> of intracranial pressure do not occur 



(-51 (i) 

t'lr 150 — Calcilini «uigctoinaCo(i« malfomwhon of <ho J* fi occtpital loljo toe< the r with hcrni 
utroph} of tlvo left M<Ie of tht* craniiun in « piiticot with h ft frontal navu-! Tlip htutgo U el» r 
■^Mulrome Ca«* No JOiS 

Ircatmcnt of these cases is unsatisfactory Ofieration serves no u*.eftd pur 
jK)vc and luthcrto radiation treatment has not been succesvful 

Main venous angoiomas give no radiological signs but others are calcified, 
and m some tlicre is a very di-tinctive tv jicof radiological apiicarance consi>t 
mg of tortuous, jjartvllcl double lines of calcification (Fig Hln) This type of 
lalrification occurs in some though not in all casc-s of venous angeioma that 
are associated with facial naivais On >>uperficial cvaitnn it ion of the radiogram 
the calcification ajipears to lie in the walls of the abnormal cortical blood- 
vessels, })ut histological studies have shown that it h actually in the shrunlvon 
lonvolutioivs of the angciomatous area Closer insjvection simus that tlie 
I alcification is not limited to the jiarallel lines, but oxtsts m vary mg degrees of 
density , in the suntuinilmg cortex . Jierg<itrat»l has cxplaincfl tlie lines v isihle 
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orteT of the Sturge A\ebef Sjn 
Irome (After Strgulrarul ) 


m radiograms is corresponuing to those parts of the cortex tliat are end-oa 
to the direction of the ra\8 (Fig 1516) 

Arteno venous Aneurysm {syn arterial or racemose angeioma) — Arteno 
1 enons aneurj sm consists of a coiled mav-j of ^ essels some of them artene 
some of them s ems on the surface of the brain and extending into its substano 

(Fig 15’) Thee «ential feature of the lesion is that there is a direct corarauni 
cition between the ibnorroal artenes and veins as a result of an error of de 



velopment of the vessels At opera 
tion a stream of bright red hlooc 
can be seen pourmg into tlie hogi 
xems The ^ eins become more am 
more dilated and may rupture fron 
tune to time gnmg nse to suddei 
apoplectiform attacks The man 
arter\ of suppU to the lesion 
usualh a branch of the circle o: 

iUls becomes tortuous and 
dilated The m hole lesion mcreases 
m size and acts like an intracranial 
tumour in producmg nse of ultra 
cranial pressure Arteno venous 
aneurvsms are found usualh on 
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the cerebral heinispheres., sometimes difliise, but more often localised to the 
ihstnbution of one cerebral arterj* , but they also occur on the cerebellntn, 
when tiie -vertebral arterj is usually the artery of supply . The 'walls of the 
blood vessels are subject to an unusual degree of degeneration, and calei 
fication of the adventitia and media ore not uncommon , tins has occasion- 
ally been observed radiologicallv Tlie shape of shadow rarely suggests a 
vascular pattern It is spherical or linear and ma\ resemble the shadows of 
sboruas 

Although congenital m ongm tlie«e lesions usuaUv do not give me to 
'•\anptoms until adult bfe, and the clinical picture is quite different from that 
of venous angeioma It Us true that epilcpst t, an ahnoat invariable svTnptom 
w hen the legion u. sujiratentonal, but there are, in addition, progressive focal 
■'VTuptonis corresponding to the situation of the le«ion, and signs of rai'-ed 
intracranial prcdsure papillocdema, headaches, and so forth Sometimes the 
•'calp IS unusually vascular, and always there is a pronounced s 3 'stolic bruit 
<iver the arteno venous aneurj-sm It is usuallx only detecting the bruit on 
tu-cuUation of the head that the nature of the lesion is suspected before 
operation, though sometimes there are vascular abnormalities of the o\er- 
h mg skull (Fig 30) The murmur is maximal over tlie site of the lesion, but 
IS uaually conducted to otlier parts of the cranium and i» often \erj loud It 
niav bo difficult to hear the^e murmurs over the hair.v jwrt of the scalp until 
the scalp la shaved ‘ 

The treatment of arteno venous aneurysm of the bram is much more 
-jatisfactory than that of venous angeioma The aneurvsm cannot be excised 
w itbout V erv grave risk of fatal bremorrbage, or of subsequent loss of function 
from severe damage to the brain, but decomprc'-sive operations are verv 
'atisfactorj m relieving intracranial pressure, and in suitable ev'^es ligation or 
narrow'mg of the appropriate internal carotid is also of service The^e are 
in which the bruit is arrested bj compre<^ion of the carotid arterv of the 
corresponding side, and ui which the aneurysm cannot be filled bj arteno 
graphy of tlve carotid of the opposite side Cushing has shown that X rav 
treatment mav be effective m causing the aneurvsm to become thrombosed, as 
evidenced bv cessation of the bnnt and rehef from sjTiiptonis 

The artenograras of arteno venous aneurv-sm rarj considerabl} from one 
ca=e to another but alwajs show some departure froai the normal vascular 
tree The mternal carotid artery is often dilated In some part of its di^ 

* A similar murmur is a!«<? heard in caara of tpaumatie carotteo-ca\^mou‘> arteno ienou» 
iineiirjsrn a loioQ that not coasidered here, «ince it no radiological signs Orsoid 

(arterjo venous) aneurv»m of the ««alp also gives a loudsyiitoiic tnurtnur It should be note*! af<o 
that acrant&l bruit lanot pa thognomomc of arteno venous aneunsm for it can be heard ininAnv 
normal infants and m raanv children and >oung adults «ho suffer from intmeranial tumour witti 
great n-e of intracranial pressure It H Then usuall} heard b^t over the lateral and sagittal 
'inusea. V s>9tol!e murmur is also heard aometimea m adults over a meningioma, when the 
IjoneandJnraoverhingthetumourBreterj ta.cu}ar bat this murmur is rarely intense 
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tribution there are tortuous branches excessive both in size and number 
These vessels mav lead into large areas of irregular sliape and uneven density 
vv Inch are filled vv ith thorotrast and large venous channels may be seen leading 
from the lakes of thorotrast (Fig 131) 

INTRACRANIAL HyEMORRHAGE SUBDURAL HEMATOMA 
Intracranial hseraorrlnge is caused by diverse lesions of blood vessels such 
as aneurysms and angeiomatous malformations atheroma injury and also by 

htemorrhage from 
the V essels of a 
tumour The bleed 
mg may take place 
in the subarachnoid 
or subdural space 
into the substance 
of the brain or into 
the ventricular sys 
tern Radiologv 
plays little part in 
the diagnosis ofthc'e 
cases except under 
the conditions tint 
a massive clot form 
so slowly as not to 
1 ill the patient 
Sublethal clots ar“ 
usually found m tli 
subdural space 
dural hoEmatond, 
but may at time 
occur m the sul 
stance of the brair 

In the brain these clots usually become completely absorbed wath shrinkage o 
the bram and formation of a scar and traction div erticulum of the ventrid 
(Fig 125) Occasionallv during absorption of the clot there may be aho de 
position of calcium salts w e have seen this at necropsy but not rachologicalb 
The radiological appearances of subdural h'Einatoma after air mjeetion an 
distinctive This condition may follow aciiteR upon a serere head injury 
but more commonly it dev elops insidiouslv through a penod of w eeks after i 
relatively slight blow on the head In the acute cases the patient soon become; 
comatose but when the clot develops slovvlv the clinical picture is one o 
headaches and intermittent drowsmess through a penod of vreeks In sprt« 
of the presence of a massive clot compressing one or on occasions both cerebral 
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hemisphere*! there is little or no weakness of the lunbs riie symptoms and 
signs ^la^ be so ill defined that diagnosis is difficult inthoiit air injection 
If \ entnculogTspbi is undertaken tbo clot maj be encountered wlien the dura 
Is, opened and the diagnosis is tlins settled avithout air injection But ns 
subdural clots occur more Q\er the fronto parietal region than m the occipital 
region and are nioieoiei enelosed in a membrane it sometimes happens that 
thc^ are not found tiirough the burr lioles and vcntnculogram ts accordinglj 
performed The ventricles are small and arc displaced from the clot whicli 
!<? usualh though not alwajs unilateral flic appearance of the sentriele on 
tlie side of the clot ls not distinctive of a lesion in an\ one portion of the 
corresponding liemispherc and the true nature of the trouble would remain 
obscure if it «erc not for the fact that a large amount of air collects m the 
feubdural space around tlie clot and i,hows clcarlv m radiograms (Fig 153) 

SjnuJar appear inces of subdural air are found m subdural hoiraatoraa after 
encephalograplu It is a remarkable fact that a subdural clot which can 
^rosslj compress the brain is jet surrounded b\ an area of low pressure into 
wlnol) air will jiass during ^entncnlographJ orcnccjdiilographv 

ABSCESS OF THE BRAIN 

llie mam causes of abscess of the brain are infections of Die temporal hone 
mftctions of the frontal and other acetssorv nasal sinuses bronchiectasis and 
empNcma foreign bodies within the cranium focal ostcomjehtis of the si uU, 
find St iphylococcal pjffimia from bods carbuncles etc \h 3 ce s of the brtim 
ma\ bo acute ^e\cre cerebral PM«ptomsbUper\cmng within a few weeks ofthe 
initial intracranial infection or it ma^ be chronic lasting for as long ns 
twenti lears liefore gnmg rise to seiere sj-mptoms and then producing a 
linnal picture cIo'-el\ resomblmg that of intracranial tumour 
The \alue of simple radiograpliy m brain abscess is liimted because it is 
uncommon to find radiogripliic signs On rare occasions there is enough 
ga*, m the abscess produced b^ anaerobic organisms to show m radiograms 
and this provides \aluabIo ciidenee of the precise situation of the abscess 
llic presence of gas producing organisms does not indicate a i indent infection 
<f the brain OccaMonallj also the wall of a len chronic brain abscess 
ma\ become calcified 

\\Jnle direct radiologital demonstration of the presence of a brain aJxscess 
IS an unooinnion eient lot in chronic abscess indirect signs of nised ultra 
cranial pressure are often jircscnt \ rav examination will aUo commonlv 
demonstnte the cause of brain nlisccss such as a dtseased frontal sinus and 
this max be of inijiortauce m mdiiidiia) cas<» m arriving at a successful 
diagnosis Vcntriculographv is often of use in the diagnosis both of acute and 
of chronic ab cess 
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HYDROCEPHALUS 

Under this Jieading is considered hjdrocephalus associated intii raided 
intracranial pressure from causes other than expanding lesions such as tumour) 
and abscess In most cases the cause is obstruction in some part of the cerebro 
spinal path^\a^ the result of a congenital membrane suppuratne or non 
suppuratn e ependj mitis or meningitis In other cases there is an obstruction 
of the venous pathways through winch the cerebrospmal fluid is absorbed and 
m this group is included hydrocephalus following thrombosis of the lateral or 
sagittal sinuses 

Infantile Hydrocephalus — ^Thc effects of hjdrocephalus \ar\ mth the 
condition of the cranial sutures In infants there ls progressive expansion of 
the head and little or no papillcedema As the \ entricles dilate the cerebral 
cortex becomes thin the child loses its recentlj acquired functions such as 
walking standmg sitting etc and often has epileptic convulsions In tine 
the roof of each orbit becomes flattened tlieejehnlls are displaced downward 
the optic ner\es are compressed bj the expanding cerebral hemisphere' 
and the child goes blind In some cases the hjdrocephalus is not intense or 
is spontaneousJj arrested and the 
child retams motor sensory func 
tions but shows some degree of 
amentia 

In infants it is as a rule im 
possible to dL«tinguish by clinical 
methods alone the cases of lijdro 
cephalus due to congenital or «o 
quired adhesions or to yenon 
thrombosis from those due ti 
tumour or jiachymemngitH Th 
antecedent hi.">torj and the j re^enc 
of associated lesions such as "pmi 
bifida and y on Recklmohausen 
neurofibromatosis may give clues a; 
to the cause of the condition but u 
most cases such myestigations ar 
inconclusive The radiological 
thinnmg of the cranial bones anc 
separation of the sutures are ]>re«ent in all cases and it is onlj m the ran 
mstances of infantile lij drocephalus due to calcified tumour (Fig 154) tha: 
thej are at all distinctive Tlie cause of the lesion and the site of obstructioi 
are determmed by y entriculographj and bj the mjection of d\es Afethyleni 
blue IS injected through the anterior fontanelle into the lateral ventricle ’ 
after a few hours it is not recovered fiom the opposite lateral ventricle 



Fig 151 CalcifR<leyeiilyx™w»a. n a »»h irl 
aged li jears wl o ehoued constderable dilTuse 
enlargement of her head Case Xo 3a34 
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ob«tructiou IS at the foramina of Monro if it cannot be recovered from the 
<!pmal canal the obbtruction is probablj at or proximal to, the foramina of 
ifagendie and Lu‘?chka , on the other band, if the lumbar cerebrospinal fluid 
IS tmted blue, the obstruction must be distal to the foramen of Jlagendie, 
either in the subaraclmoid spaces, especialU at the tentorial openmg, or in the 
cerebral a ems or sinuses 

Tliese roetlioda of investigation throu considerable light on the site of 
obstruction, and occasionally also on tbe can've but it must be admitted that 
thej are often mconchisive Furthermore, operative treatment eien a 
rational short-circuiting operation designed to provide an 4altemati\e pathway 
for escape of the cerebro<?pmal fluid is rirelj succe'wful 

Adult Hydrocephalus — In adults the same caa«es mav presat! to produce 
hvdroeephalus as in infants , e\en congenital membranes ma\ be found in 
idults cat the foramen of Magendie and el ewhere, a‘i.soeiated with quite a 
•short history of illness The sa-mptoms however arc vnstlv different from 
tho-e found in infants the head does not expand, or onl\ to n small degree 
and there are often severe headache and papillcedenna The sjanptom&, in 
fact are identical with the hydrocephalic symptoms ocrumng m cases 
jf intracranial tumour The radiological appearance-^ have alreadv been 
iesoribed (Chapter I, page 21) 

Inafe-a cases a previous hMorv of meningitis mcnmgococc.al or otherwise, 
mastoiditis, and lateral smus throrabosb etc , may indicate the intiiro of 
»hB hydrocephalus , but in many cases it is impossible, even after full radio 
ogical studies with air, to be certain of the cause, and the sohuion of the 
aroblom must await disclosure at operation In adult hydrocephalus the 
■e*‘Ults of decompression and of short circuiting operations are, as a rule, good 
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CHAITEK V 

\X(ni\I.IES AND DISKASas OF THE .SEOIJ. 
MALFORMATIONS, CONGENITAL AND INFANTILE ^ 


C>clops i> a comlitjon of fu<.ion of the corebnil Iteim-pliercs anti the ejes 
There I't one centrallj phi-ctl nrhit containing one or two cjolnU>, and the nose 
IS nljsent The rondihon is not lompatihlc with life The term arhtuen 
ccjihtltj (ahsence of the rhincncephalon) includes lc*-«^r degrees of the unnie 
fijsjon mnirorjniition t^me of these are tow/ntihje with hfo to an arJianred 
ace In the severe casts tiie twoorliitsarem contact with one another and there 
IS no nose Among the imhlcr degrees of nrhmentephnlv js trujouofrphnhj in 


winch there is premature union of 
the two hteral iiins.sos of tlte frontal 
bone , the frontal region is inrrowed 
and forms a hctlhke projection 
The etrehral liemispheres form a 
Miigle mass, the I itcnd v cut notes arc 
fustd at hast m their antenor pirts. 
and the t'orjnis callosiim is alisent 
Hare hj» nn<l deft jul-vlt often 
o<(ur ami distant mdformations 
are common indiidim; spma bifida 
and iMilvdiilvIv In jiatunts wbo 
^u^\ iv e ai»*cm o of m nsc of smell is 
invarnblc and ejnkpsv, psvchotie 
svniptoms and eunuchoidism are 
«s>mtiwnr Av iiiwwn” •it'grres \vf 
nrhnumHphalv air injection mav l*e 
US 4 fid 111 ••Imwmg nhsinre of the 
ptnm huidiim nml of the is^rpiis 
« lUip-iim 



to I*,* \ irr*.<iL»rn . \n\ t in 

fix' «-olnr*rTn cUtf* ii«-<><-wfrsl wnli n lirr^ 
WwnMtr.> r» J lu»5 >rnh at Itx nftli. 
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hernia inaj consist of the brain coaenngs only {meninjoccele) (Eig ]d 6) or of 
the brain co^enngs and a thin lajer of brain substance {cephaloccch) The 
term meningocoile is often applied to both \atntions though actually the 
majority are cephaloccclea and if air is injected into the sac it is found 
bj X rays to connect direct!} u ith 
t!ie % entncular system Spina 
bifida is a common accompaniment 
Microcephaly, m uhich tlie su 
tures are normal must be distm 
guished from craniostenosis m u hich 
there is premature closing of the 
sutures In microceplnh under 
deielopment of tlie aault of the 
skull IS secondarj to underdevelop 
nient of the bram It ma\ he 
congenital (microcephahj teru) or 
due to some disease which stops tl e 
growth of the brain m infancj or 
childhood m the latter conditions 
the head is small but shows no 
other changes A small head alone 
does not constitute microceplnh 
the size of the cranium must be 
considered m relation to the size rf 
the face and the rest of the bod\ 
In true microcephal} the forehead 
slopes backwards to a flattened 
vault usualU the occiput is nearli 
noimal in size and shape Ihe bones of the face are average in size the 
nose IS long It has been aflinned that owing to the poor growth of the 
brain the bones of the skull may even overlap or an excess of fluid mav be 
found between the brain and the skull TJje bones of the vault are often 
thickened The condition may be famiLal 

Craniostenosis comprises a^roup of conditions in w Inch the most important 
feature is closure of the cranial sutures ui infancy or ev en before birth Tlie 
head may assume various shajies from which tJie condition is subdivided 
into a number of tjpes Closure of the sutures seems to be the jinmanv 
lesion and svmptoms arise from insufficient room for the developing brain 
There is severe use of inti-acranial pressure and a characteristic radiological 
feature m these eases is that theie are very deep and numerous convolutional 
markmgs Oxycephaly (Syn Steeple Head Turn schadel) is the most common 
V anetj of craniostenosis It is sometimes hereditary and familial The head 
js small and abnormaJh high The coronal suture is usiialJv closed 
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Imt tlip jifirioto-ocripitnl huturt' js not often invoUcd Bigitnl imprc-'^ioiH arc 
%vry })ronntincc <3 Tlie Jloor of H»e mirlille nnil /interior fo^sa* i-. fn*/(uently 
ilcpres'-ccl, fltitl patients uitli this (omhtion Hioh* cotLsiflcmlilo proiit<Ki' The 
«oIIa Uircica iimy lie normal, Imt is often deepened and nidoned. Tiie eoniH- 
tion IS eompntiliU* nith normal intelligence, hut not infrequently optic .itrop!i\ 
•'Uiici^oncs ancl may c\on advance to ccniqilctc hlmdnc^s. In tome ca'‘c>* this 
)>lmdness may leduc to kinking oftheoptie times at the optic foramm i, nliirh 
mav thcnischcs Ik* riarro«e<J , tii other <'/i‘es it rnat lie due to ri'-e of mtra- 
< raninl pressure Seapfinctpfutlfj {Syn Arm/j is nsualK ••coondary 

to closure of the “-igittal niltire, m* that grouth tnkis. place in the samltal 
plane, Imt not in the transverse diameter 'Jims a long, iKiat-slinjed hoail is 
pnahned. tJierloseil .sagittal Hutnre representing the Kiel Plaijiocfphnhj (.S\n 
'Mi'jur or JlaUrnffl htmi) is cniteed h\ ekHurv of the sutures cm one side of the 
•^kult retarding dc\clo[>iuent on that side an<l produeiitg an asMUmetncnl 
•r slanting skull 

BasUar Invagination, — In this condition there is.ujmard di'pl iccnient of the 
foramen inngiunn. and the consequent deforniit\ of the b.i-e of the skull ma.\ 
)»nng /ilmut symptoms of }K)nto hiilhir and cfrtdx'Ilar distnrhanff. together 
with eouqitt'ssion of <ratud 
nnl tipiKT spinal ncr\es. 
itid also hjilroecpIiaUi' 

In the inujorits of cases the 
;>i)se IS not CMilmit, though 
ini lonihtjon prrxhiring 
I II k of nguhtj of (In* Ikiiics 
• t the iK»stenor fossa, smh 
,s osteomalii 1 1, fmgililns 
>s«cuiu. nu<l other deliciciuy 
lw.»«es ma\ n*suU m 

Mihqw of the Iiead uf»on the alias sertehm and dnmnulion m the «i/e of 
file fHistcrior fo«sa 

The basal angle * nonnallv nfl-Mo thTix'Cs. ajiproximntes to ISn degrees 
1 i'lg 177) 'Hie fiirnmen magmun is displaced upwunfs mfo the haK* of the 
bnun to such an extent that the rMlontmd proct‘s.s of the axis ma\ rcaih ihe 
region of the dorsnm sella* ami jitev* on the intMluUa ( I’lg. 1 .7S). This dcftinnit \ 
tod the eflet t of gr.iMly laiiso the alias to ride forward and rest on the base of 
file skull BUfenor to its normal {lositioR, Changes are found in the upi*cr 
•rrMcal aerlciirn* . the atlas nia\ ije fustsl Hith tlie lkW‘of the skull or wit li the 
»\is The lloor of tlie jmsterior fossa ihm and long. 

OstfogenejU Imperfecta Frafiilltas osaium) —Inability to funu ostco- 



i li> la? riM* Isvvt) ntii*ii* (ii) nnOMill 


* Tt*'* l«*al *r i» ll^ *iipl« fonwt *1 «t»<* of » linr fro'ti tlir mt^nor 
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blasts results m «ealvuess and bending of bones In nn> condition where 
ossification IS intomplete and the bones lire soft such tis fragihtas ossiuin 
osteomalacia rickets and liv])erparat]iaToidism gravitj maj cause the skviU 
to sag over the cervical vertebrae Itisobiious tint the unsupported occipital 
region w ill be more affected than the anterioi part of the base of the skull w hiclv 
la supported bj the facial bones arranged in man\ different planes and lajers 
The occiput tends to sag oier tlie nape of the necl and the parietal and 
temporal regions tend to sag oier the ears The appearance has given rise to 
tUa naiwe twvn o sluvntev Large areas of live bones of the vanlt 

remam iinossified and there is delay in closure of the sutures Large 
numbers of Wormian bones appear 

Cerebral Diplegia (Little s Disease) — In the spastic paralj'sis of infants 
usually due to in]ur5 at birth vanoua abnormalities of the skull raaj be 
found \sjTnmetr\ of the skull maj arise from arrest of development of one 
cerebral hemisphere (Fig 159) and corresponding arrest of growth of the 
oaerljang cranial bones In other diplegic children diffuse lu^perostosis of 
the frontal and parietal bones has been observed 

In some varieties of cerebral atrop)i> of infants great thickening of the 
el till bones especially of the base of the si ull has been found 

ENDOCRINE AND CONSTITUTIONAL DISEASES 

Abnormalities of tlie si ull due to endocrine and constitutional diseases 
comprise a group of cluucal states that are as cct for the most part poorli 
defined Thee mclude conditions in which the changes in the si nil are part of 
V general osseous disease and other conditions m which the si ull i-s the only 
part of the osseous sa stem affected In most of them the jxithological changes 
are not limited to the bones watli the grow th of know ledge more and more of 
the«o di‘;eases are show n to be due to primary changes m the soft tissues 1 he 
tlassic example of this is the discovery that acromegaU and acromegaht 
gigantism are due to tumour of the pituitary gland m more recent rears 
important additions to our knowledge of bone pathology hare come from dw 
covenes of the relationship of ritainin D deficiency to tickets and osteomalacia 
and of the connection hetrreen generalised <»teitis fibrosa and tumour of the 
parathrToid gland There are however many abnormal states of the si ull 
m which the cause is stiff unlcnorr-n and these increase m number with the 
increasing populantr of radiology of the skull Recently E MeVauby has 
shown that young dogs fed on diets deficient in vitamm A and rich in cereals 
derelop overgrowth of the base of the skuU mcludmg tlie bony labynnth rnth 
resultmg deafness 

"Most of the conditions considered in tins section are diseases in which there 
diffuse bony tlnckenmg of the skill! and m tins connection it is important to 
recognise that the radiograpluc appearances of the skull are usually not specific 
This is not surprising w hen w e recall that er en the bone changes as \ lew cd under 
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the microscope, may not be specific , thus, the bony changes of generalised 
osteitis fibrosa, Avith its associated parathjToid tumour and charactenstie 
alterations m blood chemistry’, are identical with those of a condition called 
localised osteitis fibrosa, in which there is no parathyroid tumour and no knou n 
Qisturbance of body chemistiy Eien uhen the histological changes are 
dissimilar, the X ray appearances of the skull may’ be alike in a ca«e of 
thickened skull it may be impossible to differentiate between osteomalacia, 
generalised osteitis fibrosa, osteitis deformans, secondary carcinomatosis, and the 
w oolly ty’pe of renal infantilism, without recourse to radiographic examination 
of other bones and full clinical and clienucal studies Tlie differential diagnosis 
of such conditions is considered fully in the chapters on constitutional diseases 
and diseases of unknown origin (Chapters XXXVIII, XL, XLIII and XLIV) 
Dwarfism and Infantilism — In the racial dwarfs and small people^, such as 
the Pygmy tribe of the Belgian Congo, and the Gurkhas, the skull is generally 
small, but normal in all other respects In the pihiilari/ duarf (Loiam type) 
there IS deficiency of the anterior lobe of the pituitary , this may be associated 
with epidermoid tumours of Rathke’s pouch The skull is small and of childish 
shape The teeth are often uneruptcd Tho sutures tend to remain open 
The sella turcica may be withm normal limits m size, but, if an epidermoid 
tumour IS present, it may be enlarged In creltmsm the base of tlie skull is 
short, while the whole skull and face are wide The skull bones are tliick, but 
ossification and eruption of teeth are commonly delayed The pituitary fo««a 
IS usually unchanged, but may be enlarged Wormian bones arc common 
In mongolism delayed ossification is seen, and Schuller reports circular 
defects m the line of the sutures In achondroplama the os tnbasilare, consist 
ing of the pre and post sphenoid and bast sphenoid nuclei, undergoes prenia 
ture fusion, and m consequence the base of the skull is sliort for the size of the 
\ ault The root of the nose is depressed and the posterior fossa shallow Tlie 
sella turcica is normal m size, but the duection of the clivus is almost aerticil 
The lower jaw is normal in size The eruption of the teeth is not delayed 
Gigantism — Excessive growth may be racial and give no pathological 
manifestations The eunuchoid giants show non union of the epiphA ses, and, 
at times, slight enlargement of the pituitary fossa The cranium is small 
compared with tlie rest of the body and is sometimes thickened there i' 
ilelayed eruption of tlie teeth The face is usuallj’ long 

Acromegaly and Acromegalic Gigantism have been described m Cliapter H 
Generalised Osteitis Fibrosa {Syn Hyperparathyroidism) — ^The skull as a 
whole IS thickened and shows a fine mottled appearance, with islands of normal 
hone surrounded by areas of relatue transluceiice Tlie contours of the inner 
and outer tables are Ie«-s sharp than normal Radiologically the condition mi' 
so closely resemble osteitis deformans that differential diagnosis can only 
be made by estimation of the blood calcium Cyst like areas may be seen m 
the vault 


A^OArALIES \XD DISEASES OF THE SIvDLL n 

Hyperostosis Cranii — ^The term hyperostosis cranu has been ipjihtd to a 
\nnet^ of bon\ lesions indndmg locah ed e'^pansions of the cnniiim clue to 
nienmgioma of tiie \ ault or ba«e neoplasms of the skull osteitLs deformans 
osteitis fibrosa and to chronic penostitis Tliere is al o a siiecial a arieta of 
In^ierostosis of the mner table of the frontal bone {kyptrostosis frontalis lulernn 
Morgajnis synhomt) ubich oeciire nsuallj though not mianably in stout 
women at the menopause especialK in those who show excessne hair on the 
face (Fig lo9) There is an irregular proliferation of the inner table of the 
frontal bone uhicli occa»ionalh eTtend«» to the anterior parts of the imrietal 
bones but nit to the orbital roof The condition is not associated with 



Fir 1 j9 — UypCTC to is frontali. intrma assoc atnl » th nn titcmaj i ^Tiero to. i? of a men n 
otn« of the left par etal bone (marked w th arrow) I a )d t on the pat eat had a men r gioma 
f the r ght opt c nen e tJ e I aiiow of whi i can be seen m the ngl t orb t Stout wo nan nged 

Case 'No IC 0 

thmeal sN'auptoms anti does not mdicate an\ di ea*;e \nthiu the cranial ca\at\ 
It Improbable due to disturbance of the eiidocnnesestem nnd fo/ic I/en^c/en 
has found increase of the granular cells and diminution of the cliromophr be 
cells of tl e anterior lobe of the pitiutarv gland The dura becomes firmK 
icUierent to the areas of hyperostosis and in osteoplastic e\jiloration of the 
cranium of the frontal region great diflicultj will lie encountered in separating 
the dura from the oaerKang bone 

A similar % anet\ of frontal h\i erostosis is seen in old ] eople associated 
with thickening of the whole of the cranial vault and atroplij of the cerebral 
convolutions Other tvpes of hypcro^tUiis of the calvannm have leen 
described bv S) enroo/l Moore mclnding liApeiostosis calvana diffusa the e 
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aie more common m A\omen than in men Durmg pregnancy small h3pero'3 
to«es are sometimes formed on the inner table of the skull 

A peculiar type of hyperostosis localised to one half of the skull and face 
has been described bj Bnssand hen Brouuer and others imder the name of 
1 emicramosis Numerous exostoses project from the mner and outer tables 
both of the vault and base on one side On the same side there ma\ be 
numerous meningiomas attacl ed to the dura and the underl3ing brain mav 
show h3’poplasia and degcneratne lesions 

Rickets and Osteomalacia — In gross cases of \ntamm D deficienc3 the skull 
together u ith all the other bones of the bod} sliou s pronounced changes as a 
result of the dela3 of calcification of the osteoid tissue In rickets normal new 
bone is not laid dou n at the gromng edges of the bones and the sutures and 
fontanelles of the- ^ ault remain w idel} open The bones are thin (craniotabes) 
and deficient in calcium In mfants the bones ma} be so soft that the head 
becomes flattened uhere it rests on the pillox Ihe upward displacement of 
the cervical \ ertebr* and the posterior part of the base of the skull known as 
basilar in\ agmation (p 107) ma} be tbe result of rickets mearl3 life Deposits 
of osteoid tissue ma3 occur on the outer surfaces of the parietal and frontal 
bones The bones of the face do not develop normaU3 eruption of teeth 
IS dela3ed and the palate is narrow and highlv arched 

Osteomalacia affects the adult onl3 and therefore the deformities due to 
interference of growth are not «een The outstanding feature is lad of calcium 
with doformit} due to gravity or pressure m extreme cases At tunes the 
cranial xault ma^ si ow scattered areas of uneven tronslucenc} 

Idiopathic Steatorrhcea (Syn Coeliac Disease — In this condition fuUi 
described in Chapter \\ W III the cranial bones are deficient in calcium and 
there is dela} in closure of the suture Imes between them Irregular areas of 
osteoporosLS 'similar to tl ose seen in osteomalacia ma3 appear ^\e have no 
record of marl ed deformit3 m this condition 

Renal Infantilism In the rachitic t3 jie of this disease no changes apart 
from those consequent on the delaved closure of the sutures are observ ed In 
the uoolly t3 pe (Chaj ter NL) the bones of the cranium ma3 be thickened and 
widened and mav contain circular areas of translucencv which varv m size 
The bones of the ba e of the skull ma} be affected 

Xanthomatosis tSyn SchuUrx Chmstran Disease) — In tlis conditvow tUe 
bone is replaced bv a hpoid substance cholesterol Small foci arrse m the skdl 
and spread irregularlv graduall3 becommg confluent or one area enlarges nntd 
large tracts of the skull have become involved The edge of the defect i 
clean cut and si ow s no sclerosis (Fig 45C) In radiograms no debris i 
V isible m the translucent area Roth tables of the skuU are diseased Tb^ 
appearance is aptlv described as bemg like a map Tlie base of the skuU r 
often mvolved e'>peciaU3 the anterior fossa and anterior part ot the middle 
fo«sa If the orbital roofs are affected there ls proptosis Deposits of hpoid 
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are not lunitod to the bone but mij be pre^nt m the soft tissues espeeiallv 
around the stalk of the hypophjsis anth the production of diabetes insipidus 
Wo have seen a case of xanthomatosis affecting the line bone proved bv lusto 
logical examination in uhich polyuria was the presenting •si’niptom and m 
nbicb no bony changes uere visible in the skull until several jears latei 
i> 03 man Ins demonstrated the prompt therapeutic action of \ rajs on the-se 
lesions He i\as able to prove that this action was a duect one bj covering 
part of an invaded area u ith a lead shield before treatment u ith the result that 
onl\ the exposed part healed 

Erythroblastic Anaemia (Coolcyi — ^Xlus disease chiefii affecting children 



(a) (t) 

Fjo 160— (a) Gross th cken ng of tl e base of the sk iUinamcin\vl o had a Bpontaneous fracture 
r the femur Osteit s fibrosa ojst co was confirmed by b opsj {i) TJ e sk 11 from a case of 
narblo bones (osteopetros s) si owing great ncrease of dens tj an 1 conn lerol le th eken ng of 
tl e base of the skull {OtI er bortes from ll e same pat « t are llustrated m Fig 477 and 4 8) 

of Mediterranean paientage is characterise<l bj anieraia hepato si lenomegalj 
and a general lack of calcvnm throughout the al eleton In the si nil there 
IS indening of the diploe and m the later stages the vault is tluckencdand tlie 
outer table is replaced b% radiating spicules of bone 

Focal Osteitis Fibrosa — In this condition which affects a!»o long bone-> 
(Chapters "VLn and \Lni) evstsinay form uithe bones ofthe face and jaus 
and the base of the skull max be nffecteil but the v ault is rarelj if ever 
mvoh ed In the base of the si ull especially m the region of tlie sella turcica 
there may be ven marked increase of density and thickne&s (Fig IGOa) Care 
must bo taken not to confuse this disease in the cranial base intli thehipero 
stosis seen uitli some meningiomas In osteitis fibrosa the lione is uniformly 
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thick and den«!e o\ er a fairlj wide area and lacks the transi erse stnation so 
often seen m bj^perostosis of meningioma The lesions maj be multiple and 
cannot be distinguished from those of generalised osteitis fihro^a, except bv 
absence of changes in the calcium content of the blood 

Osteitis Deformans — Osteitis deformans of the skull affects chieflj the 
outer table Islands of dense bone apjiear on the outer surface of the 
skull the bones of the vault thicken, and the differentiation between the two 
tables becomes lost In extreme cases the outline of the inner table disappears 
also so that the skull appears to consist of uneven dense patches mth more 
translucent pits between them (Fig 483, Chapter XLIV) Cyst like areas mar 
be seen A similar appearance has been descnbed m renal infantilism The con 
dition maj occasionally be limited to part of the cranial vault (Fig 34) The 
bonj lesion may become sarcomatous ' Osteoporosis circumscripta, m which 
large areas of clean cut osteoporosis form, is an early manifestation of osteitis 
deformans In appearance it is somewhat like xanthomatosis, but on careful 
examination coarse trabeculation jus seen in the translucent area Osteoporosis 
circumscripta ma\ be mistaken for a metastatic deposit, or for invasion of 
the skull bj direct spread of a neoplasm of the scalp 

Marble Bones (Albers Schonberg’s Disease) ls a constitutional disturbanK 
of bone development w Inch begins m foetal life ' All the bones of the skeleton 
become thick and extremeh dense to X raj« Spontaneous fractures occur in 
the longlxmes The condition ma'i be familial In the skull the base is affected 
more than the vault All the accessor} sinuses are obliterated and the fora 
mini are narrowed Optic atrophj and blindness may follow m\olvement of 
the optic nenes and facial paraKsis and nerve deafness may also occur 
Radiologicall} the apfiearances of the skull mac resemble tbo e seen m certain 
cases of focal o&teitis fibrosa (Fig 1G06) The appearances of the rertehrs 
of maiblc bones are, however, diagnostic (Chapter XLIII) 

INFECTIONS OF THE SKULL 

P>ogcmc Osteitis — Pjogenic orgamsms ma\ reach the skull by an opei 
wound following trauma bj the blood stream, or b\ spread from the scalp 
accevsor> smuses and mastoid cells In acute injection, the earliest date a 
which there is an> possibilitj of detecting a change m the radiograms i 
fourteen dajs after the beginning If the infection is not virulent there ma' 
not be detectable signs even at this date The first radiological manife«tatioi 
IS an area or a groupi of small areas of extra translucence , as these mcrea«e u 
*■126 tliej are seen to be uneven m density and irregular m outime The' 
spread and become confluent (Fig 161) Tlie mfection follows tlie line of leas' 
resistance and destroys the smaller trabecuUe of the bone more readih tbar 
the coarser, m contradistinction to a neoplasm which destrois equallv 
all directions 

In chronic infection, m addition to destruction there ls marked tbickeimr 
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»and ‘sclerosis , the appearance maj be one of extra density contaming areas of 
- transhicence Sequestra ina\ form and be seen as fragments of >erj dense 
<1>one lying m a zone of extra translucence If a tangential view is taken, 
small fragments of detached bone may be seen The outline is almost 
“«nl«ajs irregular and uneven The petrous, squamous tenqiora], and parietal 
bones are most commonly attacked Osteom^ehtls Mill often be limited to 
one bone and the sutures appear to conistitate a line of resistance, especially) 
in the joung 

Syphilitic Osteitis — As a result of modem treatment tertiary syTihilis is 
rapidly becoming a rare mahdy and it is uncommon to see bone manifestations 



Fit. ll>I ' — pNopenic o^tcoravefiti-* of lh« \au(t of the nkuU two montlw ami (>!tnall inpptj 
fcix months after the on-ct of symptoms Ca«c No Jo3il 

In the congenital form the saddle back no'^e results from erosion and malfor 
niation of the nasal bones and bones m the ba«e of tlie skull In the late 
tongcmtal and in acquired svphilLs the vault of tiie skull may sIom1\ Itccome 
thickened and sclcro'cd oter a wide area In other cases single or multiple 
areas of neerosl^ may occur and these nmt be surrounded In sclerotic bone 
Tuberculous Osteitis — ^Tuberculous disease of the skull is rare, and ue hate^ 
net er seen a aerified case ScAwWrr describes it m his monograph and 
Ilia reccntK revicnetl the htenlute and described three coses 

Radium, or X-radialion Necrosis u. occasionally seen after cxcessiac radia 
tion treatment of malignant tuinoum of the scalj) The necrotic areas 
eotlsl^t of dense hone of scrpigcnoiis outline, and are surrounded bi an irregular 
zone of dmumshed dcnsitN , representing the granulation tissue tint is attempt 
mg to absorb the dense Ixinc 
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TUMOURS BENIGN AND MALIGNANT 
Osteoma — Tliese bony tumours maj arise from 
tlie outer or inner table of the skull but if large 
may in\olve both tables On the outer table thev 
are generally shallow convex masses of bone which 
maj be comiioscd entirelj of ivorj bone or maj 
contain cancellous tissue which is continuous with 
the diploic lajer Osteomas that project into the 
cranium arise for the most part m the ethmoidal 

Fio IG Orb to ethmo * .• . » i i n ,i 

dal osteotna w th secondary minuses and also occasiouallj on tl e 

aeiocelo of the frontal lobe Toof of tlic orbit or surface of the petrous bone 
(After C fi ng) Thej ate usuallv lobulated and even pedunculated 

and consist of dense norj bone Tier radio 
graphioappearanceisthuscharftcteiistic(Big 486) Asthej grow intracranial 
osteomas tend to perforate the dura and even to embed them'elaes m the 
brain It is important to note that small osteomas in the ethmoidal region 
maj thus gi\e nse to serious intracranial symptoms these include proptosi 
of one ejeball epileptic attacks cerebrospinal rlnnorrhcca and purulent 
leptomeningitis also intracerebral aerocele a collection of air in the frontal 
lobe which is visible in radio 



grams (Pig 1 62) 

Hsemangeioma — Cavernous 
hsomaiigeiomas of the si ull 
are not uncommon Thej are 
benign tumours of slow growth 
and are for the most part 
small thej expand the bone 
ginng rise to a hard and at 
times painful lump on the head 
but seldom to anj intracranial 
sjmptoms On clinical grounds 
it IS not always easj to differ 
entiate between tins condition 
and the hj perostoses of menm 
giomas Radiologicallj how 
ever the distinction can «ome 
times be made for tlie 
hsemangeioma appears as a 
sharply defined area of di 
mmisbed densitj traversed by 
fine trabeculations {Fig 163) 
Tangential views maj show 
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fine ndntmg spzeules of bone in the tumour TJie^e tumours are not o 
ciited wth cerebral b'emangeiomi's and do not recur after reraova! 

Chordoma a tumour aming from the rem'tms of the ciannl end of the 
notochord grows postenor to the clmis md ejrtend-j intncraniallr and nl«o at 
times. inmde<5 the ha«i sphenoid or bisi occiput (see Chapter 11 ) 

Other benign tu 
mours of the ‘«kuU 
include cj oleaknton a 
mycfoTnoofthepI'isma 
cell t\ 7 ie «5uigle or 
luultijile (Fig 15-1) 
and i^iiiple cy t 

Sarcoma — Sar 
coma of the si ull 
ns.mU 3 expinds out 
\sArdb more than m 
w ards It is a tumour 
if rapid grouth pro 
ducing «n osteogenic 
reaction of onI\ 
moderate intensity 
"Neir Ixine is laid domi 
in ndnting spicules 
at right angle-s to the 
bone surface jFig 3o) 
but often can onll be Itc )U Lar^area ofcro o n left leoffm tal l« e /no 
demonstrated in tin « pla.«jm Won a taeXo 

cential vie^ s b^ 

means of a \crr soft radiation Indeed a diagnostic feature of iinj ortance 
Is tlie fact tint uith a large lump on the head ossification in sarcoma is too 
incomplete to shou in radiograms taken wath ordinarv penetration uhereas 
in other tumours it is usuallv mten c There mav be considerable patch\ 
cf the skttH in tiie area of atladnss&at of fl'O tiimear 
most of these tumours are found in the raalfc of the skull some occur ui 
the base or mvnde the base ftbrn the adjacent na':opha^^'nx and air sinuses 
Sarcoma of the kail is usuallv a pnmar\ disea'se but ma\ anpert ene m areas 
of osteihs deformans or of-focal o teitis fibroma 

Metastatic Tumours — Metastatic tumoureof the skull maj ®hoir ns an area 
»f mcreosed or dimmished den^^itj and m»v Ije multiple or smgle Sohtar\ 
metasta«es mav grou to large size a^ at times so slowb that it i® difficult to 
distinguish them without histoldgica! ex umnation from meningionia (Fj^ 1 Co) 
Metastatic carcinoma of the thaTOid grows m this manner at times Priuiarr 
neuroblastoma of the adrenal medulla of children frequenth roeta-«ta'-i«e to the 
\rni— 13 
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skull and may be associated wtli proptosis of the ejeball on the corresponding 
side The Graw itz tumour of the kidney also not mfrequentlv metastasises to 

the skull and the other 
primary sources of skull 
metastases may be in 
any of the usual sites 
Without biop&\ multi 
pie metastatic tumours 
may be difficult to dis 
tmguLsh from multiple 
my eloma 

Carcinoma of Direct 
Spread — Carcinoma 
may mroRe the ba«e 
of the skull by direct 
spread from the naso 
pharyTix or air smuses 
Carcinoma of the pba 
ryn\ ma\ mvade and 
destroy the petrous bone 
and pro luce sym; 
toms of a cerebello 
pontine angle tumour 
The pninara carcinoma 
may be so small that 
it IS easily orerlooked 
and inconsequence m some cases of the cerebello pontine angle symdrome the 
radiographic evidence of destruction of tlie petrous bone may be particularh 
important in diagnosis Carcinoma may also affect the cranial \ault as a 
result of spread of a rodent ulcer (ba'^al celled carcinoma) of the face or scalp 

FRACTURES OF THE SKULL 

In liead injuries it has long Iwen taught that it is the damage to the cranial 
contents rather than injury to the skull that is of primary importance For 
this reason and because of the difficulties of radiography m the acute stages 
of head injuries there has been a teudenc\ to disregard the imp ortance of 
radiography m head injuries except when medico legal considerations are at 
stake Iso one would deny the trutli of the teaching but detailed studa of 
head injuries m recent years has shoun that there are many ways m wlich 
radiography can contribute to diagnosis and treatment m tl e acute stage of 
bead mjunes Among these the folloyymg may be specified 

(1) The depth and extent of commmuted and depressed skull fragment’ 
can be accurately assessed only by radiography Tins is a help particularh 



Flo 16 j — M etastatie care noma pro ^ l>y J ttolofucal 
sect on at tFe nuifieiit po nt of tl c vertejt Primary tumour 
unlctactpl ThebonCcl an)i»x8tarte lasal ghtune en l«n tj 
Defin te 1 np present Man age I CO Co c No LH 1840 
OP 
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in tlobcd bead injuries (i.e. injuries in which the scaip is intact), in determining 
\\ hether the dura is tom and operation thus necessary ; and it is a guide to the 
burgeon when he comes to remove depressed lx>ny fragments from the brain. 
‘ ‘ (2) Demonstration of the presence of a fracture indicates the site, or one 
of the sites, of maximum brain daina^, a fact that often cannot be determined 
by clinical methods in an unconscious patient. , . ' 

(3) A line of fracture crossing the channel pf the middle meningeal artery 
arouses suspicion of an extradural middle meningeal haJmorrhage,' ^ condi- 



(fl) . it) 

Kk.. lilc. - Siinjjlp fiviunnl frnctiire of tlw? Trontol bone, ex'lendmg twiek. on tuch pide into tho 
purii'tftl bone». (n) after tlie fmetuw. (6) TweKe months later. Cnse No. 2228. 

tion njneli is sometimes not recognisctl until it is too late to save the 2 >atjent 
by oi>cration. 

(•I) Fractures into the frontal and ctliiixiklal stmtses can l>e sIiouTi, and 
may call for operation to repair the dural defect and thus to prevent meningitis. 
In the same injuries air may be revealed inside the cranium, usually in the 
MiMural space (Fig. 05). 

It cannot be denied that many patients with head injur\' are so shocked or 
so restless when admitted to hospital tliat any elaborate nidiographic examina- 
tion is out of the question. But good organisation of the X-niy department, 
p.irtioularly the presence of a resident house officer in radiolog}’, and 
the occa.sional report to a good portable plant, overcome this difficulty to a 
large c.xtent, and furni«h knowledge of great value in the detailetl studj' of 
Iic.sd injuries. 
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JIany fractures escape notice through the initial injurj being too slight to 
warrant attention Steuart found that in 300 cases examined after a historj 
of head injury there was radiological evidence of fracture in 20 per cent 
The true mcidence of fracture m such a group is probably higher, because in 
the base of the skull necropsj shows many small fractures that cannot be 
adequately displayed bj present radiographic technique 

The different tjqies of fracture met with in the skull are (i) linear 
(u) depressed and (iii) punctured 

Linear Fracture is the most common It ma\ be confined to the a ertex oi 
the base or maj run from one to the other The line of fiacture inaj be m 

any direction and the 
fissure will aar% from a 
line like a hair to even 
2 cm m width {Fig I<>6) 
Gross fractures are ob 
vious, but the short 
narrow linear fracture 
maj at times be confused 
with suture lines, or with 
the channels of meningeal 
or diploic vessels Sutures 
ma> resemble lines of 
fracture m tiio teiuporo 
parietal region of vounj 
subjects in whom the 
serrations of the suture 
lines arepoorh developed 
Fir ltj7 — Tangential view showing the inward displace the COUrse of the teni 
ment of the fragments of bane m a jwtiplit with a star ahaped 7 >oro parietal "Uture l*j 
fracture of a vault however constant, and 

narrow fissures in that 

region maj be recognised b> deviation from that course It must be borne 
in mind that botli m infants and adults fractures of the skull sometimes run 
along the lines of suture especially the coronal suture, and are in fact separ 
ated sutures Thej can be best recognised by the separation of the edges 
seen in tangential projections of the suture 

Distmction between Imear fractures and meningeal channels may be at 
times \ erj difficult The fracture usually has a more decisive and clean cut 
image, smee it involves the whole width of the skull, whereas the menmgeal 
channel is limited to the inner table Lines of fracture run in an\ direction 
often change direction abruptly, and branch irregularly , whereas meningeal 
channels run m constant course, change direction gradually and branch 
dichotomouslj Islands of bone surrounded bv dark lines suggest a frac 
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tiire an<l in this con 
nection it is miportaut 
to iKnr m mind that 
thougii the meningeal 
nrten and \ein usuallN 
nin m the same gtxiovc 
thc\ ma^ part for n 
short distance and then 
rejom thus giving tlic 
impre ston of n Kplinter 
this appear nice ls most 
common in the proMinnl 
part of tlie meningeal 
clianncK that is to sm 
near the pterion m 
whicli region fortun 
ntcli tlie aascuhr chan 
nels arc nsualh tortuoiLs 



m outline and thus uniihc a 
linear fracture Diploic \csm*I» 
brnntli irreguhrli alter their 
course ahriiptU and niaj cross 
butiircs linos just as fractures do 
hut thei can iisu ilh be dis 
tinguishcd from fractures Ia 
their unticii cahhro uluch in 
oinc j irt of their course iLsnult> 
amounts to a beaded apiiearance 
r>en uitb all tbese jiomts 
of difTcrontirttion it im\ «omc 
tunes be diniciilt to decide 
whether a small linear fracture 



IS prescrrt 'I'ne eases in •n'ludii 
rniliological controacrsics an c 
are ijsiialh more of medico 
legal than of clinical interest 
and arc lK?st settled bi re 


>ir \pp anw sx 1 oporat o (1 )T}p 

I t^mal rt-peci of t} Iwnc flap ws a |na•^s of 
I pws "d Ik> I t{ ! nn 1 ero « 1 oe of oil 

fniot rr nn I n corr(s,pond ^ i Irr tut on of tl 
I rn Tie in>st {'’) shows aiU os n of tho Jo 
I re "jI I rn lr> i) o t lorlx me cortfx 


pcatmg the \ ru ovaimnation 

with a series of opecinlh designed stcreoscopie and tangential projections 
Depressed Fractures arc alwnas comminuted and nnv Ik> circulir or 
stellate If circular the whole plaque of lone i u ualli displaced mwawls 
at one j art of its rirtumfercnee so that there is ovcmding of the edges m 
this part \ few sharp flakes of bone are pcen ibiut the circuinft rence of the 
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mam fragment (Figs 167 and 168) In stellate fracture the centre ls usuallx 
depressed , there maj be erlappmg of the edges of some of the fragments 
Punctured or Penetrating Fractures are the result of a blou from a small 
object such as a bullet The fracture ma\ be complete or mcomplete The 
usual finding •with an incomplete fracture v> detachment of a flake of the inner 
table and this ma\ be difficult to detect 

Aerocoelemaj be present ifthe fracture communicates with the atnio phere 
either directlj or through the na'^opharj'nx acce8Sor% 8Inu«e^ or ear In thia 
case there is bound to be escape of cerebrospinal flmd Steuart reports m one 
patient the escape of 38 oz of fluid in twenty one hours after an injun 

Techmque of Examination of Fracture of the Skull 

Except m selected cases it is questionable if the routme radiographic 
exammation of head injury bv a portable ward apparatus is a reasonable 
procedure The detail of a ward radiogram is never of the best quality and 
in the earlj stages it is usually impossible to obtam pictures in ana positions 
except the lateral and antero posterior After forts eight hours the nsk of 
hemorrhage is past and the majority of patients can be sent to the radiological 
department If a ward examination is uuavoiable a Lj sholm grid should 
not be used as it will lengthen the exposure and the grid lines ma} mask a 
fine Imear fracture For routine examination all films should be stereoscopic 
and a fine focus tube and Buck^ diaphragm are adnsed Antero posterior 
postero anterior and both lateral views should be taken The importance 

of lateral news from 
both sides has alreadi 
been pomted out If 
a depres'^ed ftact'ure i'* 
detected or suspected 
a tangential new wiU 
not only confirm the 
diagnosis but wnll give a 
fairlj accurate estimate 
of the degree of depres 
Sion Care must be ex 
ercLsed to get a true 
tangential •new, otherwise 
the surgeon maj obtain 
an erroneous impression 
Fractures of the ba«e are 
xen difficult to demon 
strate and a high per 
centage escape detection 
Tlie stereoscopic 



Fo 169 — Old lepnrj^ed fracture of the ri^tpanetBl bone 
in a man aged 34 ducto njury at theago of 4 jear^ Case 
No 8 ■> 
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inento vertical view is of most \alue As there is risk of consideiable 
vascular congestion in tlie crini'il cavitj from tlie posture necessary for thi*. 
picture, it should not be attempted until some time after the uutnl mjurj 

Repair of Fractures of the Skull 

Union of fractures of tlie skull is slow as compared u ith that of othei bones, 
and there is little evidence of formation of callus The extent of henluigi 
depends on the apposition of the fragments, the situation of the fracture and 
the age of tlie patient (Fig 16C) Fractures of the base sefem to heal more 
rapidly than tliose of the vault The younger the patient, the better the heal 
mg A simple fissured fracture in a child may no longer be visible m radiograms 
taken six mouths after mjury In adults most fissures are still faintly visible 
tliree j ears after the accident Where there is not perfect apposition as, for 
example, m depressed fractures the edges of the bone become sclerosed and lose 
their irregularity Thej are pemiinentlj visible in radiograms as edges of 
mcreased densitj , and maj simulate radiologically a mcnmgioma (Figs 28 and 
1 69) Even u hen no bonj imion takes place, tlie space between the edges of 
the fracture is occupied by dense fibrous tissue and the skull is not excessively 
vulnerable on account of an old fracture Where there is a gap m tlie skull, 
as a result of a commmuted fracture, bone tends to regenerate on the outer 
surface of the dun, especially m children In radiograms of cliildren uho have 
previously undergone subtemporal or suboccipital (cerebellar) decompression, 
flakes of neu bone are freqiienth seen jo tJie coiering's of the derDj«25ressJOn 
(Fig 62} 

Birth Injuries 

The majority of birth injuries appear as dents in the skull \\ ith no \ isible 
fracture , the'?© dents fill out soon <after birth If a fracture is piesent in the 
dent it IS usually of the “ green stick " \amty Occasionally the dent or 
groove mil jicrsist, as in a cose of injury to the frontal bone, ivhieh one of us 
examined repeatedly for o>er ten years 
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THF SPIXAL CORD 

It is onl^ rccenth tliit sub'.tnntnl progress Ins l>een made jn tbe dmgJ50'<js and 
localisation of spinal cord titmowrs hy radiological examination In D)24 
Pancoa'yt stated that tumours of the spinal cord could not be dngno«cd b\ this 
iiietliod but as a result of tlic Mork of Cwwp SUbety '\nd I)i/} e and others it 
1 ‘s noM chimed tli it 70 per cent of all tiimoiirs of the spinal cord can be rccog 
niied radiologicalh 

In the nnjorit} of oa®es of sjnnal tumour the chiucnl picture is one of 
I regressive axeakness of one or more of the extremities associated xsith sensorx 
ind reflex disturbances and w ith pain u Inch follou s the distribution of spinal 
nerie roots Trom the clinical examination combined uitli lumbar puncture 
and Queckenstedt s test it is po^-^ible m most cases to be rcasonablv certain 
that there is a tumour and the upper level ofsenson loss usualK, though not 
inianabK indicates its approximate level In manr cases rodiologi adds so 
iimth to tlic precision of diagnosis that Us use m suspected cases of spinal 
tumour has become indispensable Tlic methods comprise simple radio 
CTaphre examination and radiographic examination after intrathecal injection 
of hpiodol e v> ill consider simple radiographic examination first 

TECHNIQUE OF SIMPLE RADIOGRAPHIC EXAMINATION 

A Bud X diapiiragm and fine focus tube are essential The films should 
fe uell expo*5c<l ns the lamina and pedicles are not properh seen in under 
expo cd or under peuctr itcd juctures The best x lexx of the cerxieal region is 
c btaincd x\ith the tube at 4 or G feet distance and the patient sitting upright , 
40 inches or more •should Ix> used for otlier regions uith the patient lung on 
the touch ft is usuaflx impo stbfe to obtain a good iTfm of the upper thoracic 
\citcbra m the lateral position and for that region reliance has to be placed 
on the sterco'.copic neu in the antero posterior position In the care of a 
patient XX It li sloping •shoulders it max be x»o^«<»ible to include the first and second 
thoracic bodies m the lateral xicxx for the cervical region if the shoulders ore 
forciblx ilcprc^red Another method is to force the shoulders foruards In 
traction on the arms xxhilo the fKitient is standing The routine adxised bj 
tamp Is sativfactorx he takes antero posterior and lateral films and supjile 
ments these xvitb stereoscopic xicwfe at anx •»uspicious level In addition, he 
ustiaUs takes right and left oblique vjcwi. to slioxx the intcr\T,rtebril foramina 
The oiHMungs of the mtcrx ertcbral foramina he in the oblique plane m the 
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cervical region but tend to face more laterally in the tl oracic region vlule m 
the lumbar spine the openings are almo&t completely m the lateral plane 

ANATOMY 

The spinal cord is continuous above uith the medulla oblongata at tlie 
upper border of the atlas In the tliird month of fcetal life it has the same length 
as the vertebral column but thereafter the vertebral column grow s m length 
more rapidly than the spinal cord In the adult the spinal cord ends at tl e 
low er border of the first or upper border of the second lumbar \ ertebra Alost 
spinal segments thus he at a higher level than the corresponding vertebral 
There are eight pairs of cervical nerves the first pair issue from the spinal 
canal betueen the occipital bone and the first cervical vertebra the eighth pur 
between the seventh cervical and first thoracic vertebra At lower levels the 
nerves correspond exactly in number with the vertebr® and issue from the 
spinal canal below the corresponding vertebra The upper cervical nerves 
pass transversely from the cord to the intervertebral foramina at lower 
levels the spinal nerves pass obliquely downwards m the spinal canal to reach 
their foramina of exit The lumbar and sacral nerves pa«8 almost v erticallj 
downwards forming bundles of nerves which from their appearance anti 
length arc collectively termed the cauda equina The nerves tint supply the 
bmhs are mucli larger tlian the rest of the spinal nerves and w here they an e 
the spinal cord is larger than elsewhere The cervical enlargement extends 
from the third cervical to the second thoracic vertebra the lumbar enlarge 
ment from the ninth to the twelfth thoracic vertebra 

RADIOLOGICAL FEATURES 

In radiological exammation of the spinal column the following features 
should be sj stematically observed both in antero'postenor and lateral planes 

(1) The alignment of the vertebral column 

(2) The appearance of the vertebral bodies their shape and outline their 
density and the intervertebral distance 

(3) The size and shape of the pedicles 

(4) The intervertebral foramina 

(5) Tlie lammse and spmoiis processes 

(0) The transverse processes the adjacent parts of the nbs noimal and 
abnormal paravertebral shadows 

Destruction of vertebral Ixidies is easily recognised it is common m pnrmn 
vertebral disease (Chapters XXVIII and XLVI) w hereas erosion from tuniour« 
arising within the spinal canal is rare and affects only the posterior aspect of tl e 
bodies The intervertebral discs resist erosion by tumour The interverte 
bral distance alters m certain lesions of the vertebral bodies such as tuber 
culosis but it may also be affected in lesions of the disc itself Thu^ Ilamploit 
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atifl Rohimon report reduction in the 
intcnertebral distance in 25 per cent of 
their cases of herniation of the intenerte 
brnl disc in the lower lumbar sjune 

TJie most important information is 
often obtained from rtud} of the jicdicles 
Tiio antero-postenor projection shows 
well the breadth of the pedicles and 
alterations of them produced In tumours 
within the spinal canal (Fig 170) The 
lateral projection shows the pedicles 
Kejiaratmg the intcn ertebral foramina and 
the effects of tuniouns within the foramina 
(Fig 171) 

In the tCiTMcail region the shodov. of 
the pedicle is circular* itv the thoracic 
and lumbar regions it is oncI Through* 
out the vertebral cohitiin the mednl 
aspect of the pedicles is straight or 
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slighlH contex except m childreu, in 
whom the jHidicles m the upjicr part of 
the spine maj" be toncatc 

Valuable information nnj some- 
times be obtained from measuring the 
distance between the inner aspects of 
the rif?ht and left j)cdicle>, of each 
tertebra This inteq>c<hcular dL>tanco 
IS greatest at the cauda equina and at 
the ccrtical and lumbar enlargements, 
nnd lenst in tlie mid thoracic area , 


pcnicol rcgnitt iJn timili of cim i>hadovc»<t l»\ tloppiliclos m il«» anlPro postfnor 
are l■Ofnel^m<v ilillitiilt to ut spiC^orpwd film* 


188 


CENTRAL NERVOUS SYSTEM 


these \ 'iriatioiis m size at different spinal le\ els are fairly constant frotfi subject 
to subject and are moreover gndual Clnrts have been produced shoivjng 
the average and extremes of measurements of interpedicular distance of a 
large number of normal subjects In the upper cervical spine the measure 
ment is about 3 em The distance rises to 3 3 cm at the fifth cervical 
body and then steadily decreases until it reaches 2 cm at the fifth thoracic 
bodj It remains at aiiproximatelj 2 cm until it starts to increase again 
at the tenth thoracic bodj and increases to 3 5-3 9 cm at tlio fifth lumbar 
\ertebra Anj change such as an increase where a decrease should nor 
mally be found especially an abrupt mcrease would indicate an expanding 
lesion It must be stated howeaer that tumours in the spinal canal do not 
imariablj produce significant changes m the interpedicular distance 

Expanding Lesions of the Vertebrae 

The expanding lesions of the vertebrie — tumours tuberculosis inflamina 
tory diseases and so forth — are considered m detail later m this volume 
(Chapters WVIII and \LVI) We are concerned here only with such verte 
bral lesions as produce spmat compression 

Haeraangeioma though common as a post mortem finding according to 
Topfer rarely produces symptoms Its 
radiological diagnosis is nevertheless of 
considerable importance because the avail 
able experience suggests that operation 
IS highly dangerous to life whereas 
radiotherapy is effective m relieving 
symptoms (Aafhwss and Mamage) flie 
disease usualU affects one vertebra only 
or occasionally two at a distance from 
one another There is diminished density 
of the vertebral body with uneven ab 
sorption of all trabecul® except tho'e 
running in the vertical plane this gue*' 
the appearance of parallel vertical striie 
in a semi translucent body No other 
disease gives quite the same appearance 
of a jiorous vertebra tint does not 
collapse 

Giant cell tumour (osteogenetic royc 
loma) also occurs tlie picture is usually 
one of expansion with coarse trabecula 
runnmg across a translucent cystic 
matnx In tliese cases the vertebra 
usually collap'jes early and compresses 
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the cord At times the tumour iii'ix an c m the Jamina or adjacent soft 
tissues dcstroAung the bone md pressing on tlie cord (Fiff 172) 

Of the malignant diseases «areoina is rare and as el ewhere it usiulU 
cm es a large mass of soft tiShoe \nth comparatively little hone destruction 
Secoiilar!/ carcinoma is by far the commonest malignant tumour of the spme 
In these cases pain m tlie bad or along the spinal roots followed b\ spmal 
compression may be the first avmptoms of illness and the true nature of the 
disease is onU suspected after radiographic ocamination 

Myelomatosis (plasma celled maeloma) may also can c pmal compression 
or collapse before any other bvmptoms Other bony lesions iv Inch may cause 
pressure on the cowl include tuberculosis of the spme (Pott « disease) fracture 
Kummell s disease Hodgkin s Ivniphogramiloma osteitis deformans osteiti 
hbrosa hytlatid cyst chordoma cccliondrosLs ind jirotnision of tli^ 
interyertebril disc This last condition usually produces no changes in 
iinple radiograms 

Paravertebral Turnouts 

Tumonre alongside the spinal column occasionally produce spinal ctm 
jression The inajoritv of them are neurofibromas an«mg in the spinal nerve 
roots as they leaye the spinal canal these tumours grou mainly m the para 
yertebral tissues but often extend through the intenertebial forimen and arc 
known as hourglass tumours They occur at any spmal level bnt are most 
common in the thoracic region The mediastmil part of tlie tumours shows 
well in radiograms In all cases the mtcryertebral foramen can be shown to 
be dilated At times the adjacent ribs are «ecn to be forced apart 

Other paravertebral tumours occur such as chondro arcoma and giant 
cell tumour These may extend into tho spinal canal by erosion of the 
luninie The special importance of radiology m parayertebral tumours is that 
the part of the tumour that lies outside tho spmal canal usually gives rise to no 
symptoms and is only detccteyl b\ radiograjihy 

rumours arising' wtffirn ffte ^praaf Canai 

Tumours ansmg within the spmal canal may be (a) extradural (6) extra 
medullary (le withm the dura but outside the spinal cord) and (c) intra 
medullary (i e wathm the sjunal cord) The most common > anety of intra 
spmal tumour is the extramedullary tumour Dyfe •states the relatiye 
frequencies as extradural 20 per cent extranieduharr^ 60 per cent and 
mtramedullary 20 per cent 

The radiological diagnosis of spinal cord tumoim. depends chiefly on 
(j) deformity of pedicles of the vertebrae (ii) increase m mterpedicuhr 
distance and (m) destruction of part of a xertebral body or Inmma Rarely 
the sJiadow of a tumour max be seen projecting through the intervertebral 
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foramen into the surrounding soft tissue as already described and more rareU 
calcification maj be demonstrable in a tumour especially in meningiomas 

Deformitj of the pedicle is broughi 
about b\ pressure its medial surface 
becomes concave where normally it is 
convex or flat If the pedicles of the 
afTectcd vertebra are compared witli 
each other and with those of tl e 
vertebrse above and below encroach 
ments can be seen (Fig 170) 

Extradual tumours of soft tissue 
include meningioma neurofibroma 
lympl ogranuloma extradural cyst and 
angeiomatous malformation In the 
lumbar region and occasionally m 
other parts of the spinal canal pro 
trusion of the intervertebral disc onto 
the spina! canal occurs 

Extramedullaiy turnouts consist m 
approximately equal proportions of 
neurofibromas of the nerve roots and 
meningiomas attacl ed to the dura 
The^ are usuallj less than I inch 
long As they grow they embed 
themselves m the spmal cord A few 
of the meningiomas are calcifitd 
but the majority of extramedullar} 
tumours can onlj he displayed radio 
logically by changes m the pedicles 
and these are b} no means invariable 
Extramedullary tumours both menm 
giomas and neurofibromas may be 
occasionally multiple particular!} m 
the subjects of von Reckhngliausen s 
Simple epithelial 
aged and arachnoid cysts are also some 
times found 

A special varietj of extramedullar} 
tumour is the tumour of the cauda 
equina which may be a ghoroa (cs 
pecialh the variety 1 nown as ependymoma) neurofibroma dermoid teratoma 
or hpoma Whatever its structure this tumour is usually a large ovoid 
tumour of some 2 inches length the so called giant tumour of the cauda 
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equin'i (Iig 173) It maj produce consulerable distortion of the pedicles 
and TMdenmg of the luterpedicular distance and occasionaIl\ erosion of the 
\ertebral bodies 

Intramedullary tumours aie nearl} all cjstac and solid gliomas though der 
molds lipomao and lifomangeioblastonias also^o^cur Xheie tumoure ma\ be 
prolonged tlu:ough several segments of the siimal cord The clinical picture 
1 ^ sometimes and the hpiodol picture is often distinctive^ hut it inav be 
impossible to diagnose the intramedullar\ position of the tumour until opera 
tion ^11 intramedullary tumourb are capable of causing erosion of the over 
l\mg bone but seldom do so and the simple ndfognirc? thus usciilh show no 
positive signs 

INTRATHECAL LIPIODOL 

Lipiodol an oil of I)opp 3 containing about 40 per cent of iodine u as first 
U'ed for the diagnosts of spinal tumours b\ Sicnrd and Foresfier m 19 JI It la 
opaque to X rajs and heavier than cerebrospinal iltiid its passige down the 
spinal theca can thus be matched on the screen and anj obstruction confirmed 
bv radiography Its chief use therefore is m diagnosing the jiresence and 
c\act le\el of an obstaiction and it inav be emploved m mvobtjgatuig cases of 
bloch following collapse of a vertebra due to disease Or trauma dislocation of the 
spine and adhesne arachnoiditis as trell ns cfl«cs of spmal tnmour Small 
encroachments on the spmal canal such os those caused bv protrusion of the 
mteneitebraldisc can also bedetected though thej do not cause an obstruction 
but onh gn e rise to a constant filling defect 

llie great virtue of hpiodol is that il i» almost free from irritating effects 
upon the meninges nene roots and the spmal cord It is not absorbed fi-om 
the spmal theca but becomes eiicvstcd m the sacral cul de sac and during a 
\ enod of v ears extends outw arcls from the spmal cimal for a v Triable distance 
along the lumbar and sacral nerve roots In the raajontv of patients its 
presence and retention in flie spinal canal produce a celluHi reaction of i anable 
mtcnsitj , but tins is not follovvcil bv anv sjouptoms or neurological signs On 
a feu occasions liowever it j;> reported to have set up odliesjvp nraclmoitlitis 

Indications 

In consequence of this danger even though it lie slight intrat.pinal hpiodol 
should not be used indjscnmmateh Its greatest v alue is m identif^ang the exact 
upper or louer limit of a spinal tumour uliose presence is certain as a result of 
clinical studj and spmal manometrv In sucli cases tlie best neurologist may 
often he one or tu o spmal segments out of his estimation of the level of the 
tumour and the <iurgecm inav bconeortwo vertebriDoutof hts surface markings, 
espcciallv m fat people 

do appreciate the indications for intrathecal hpiodol the radiologist 
should be conversant vvath spmal manometrv and the Queclenstedt test 
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Lumbar puncture can be done with ^nfetj through an\ of the lumbar inter 
spaces cvcept the first since the spinal cord ends at the lower border of the 
first or upiier border of the second lumbar \crtebra The resting spiinl 
pressure is 150 ram of HjO but pressures between 70 and 180 mm of HjO are 
within limits of normal The fluid m the manometer shows slight fluctuation 
with respiration and it also rises if the abclommal vems are compressed b\ 
strong compression of the abdominal wall These fluctuations indicate that 
the pomt of the needle in the subarachnoid space is free from obstruction 

Quecl enstedt s test consists m noting the effect of comjiression of tl e 
internal jugular i eins m the neck upon the pressure of the spinal manometer 
In an earlier chapter an explanation has been given of the effect of lenou^ 
obstruction upon intracranial pressure Jugular comprebsion causes a rise of 
intracranial pressure cerebrospinal fluid is m consequence displaced down into 
the spinal canal and there is a rise of pressure in the spinal manometer 
Compression of the jugular \eins for ten seconds will cause a prompt rise of the 
spinal pressure from loO to 400 mm of HjO and an equalU prompt fall occurn 
when the pressure on the neck \% released This is the noiraal response But 
if there is an\ obstruction m the spinal canal above the needle pomt the rise of 
pressure on jugular compression will not be conveied down to the lumbar 
region and m consequence the fluid level in the manometer anil not rise oi 
maj onl^ rise slowly and meompletelj or having risen it mil not fall 
These are the positive results obtained b> Queckenstedt s test and always 
provided the jugular veins and lateral sinuses are patent and the skull i-, 
intact thej indicate an obstruction m the spinal canal from tumour arach 
noidal adhesions bonj displacement and so forth 

It is obvious that if the tumour Les m the lower lumbar and sacral part of 
the spinal canal Queckenstedt s test mav be negative ev en though the needle i^ 
introduced tlirough the lowest available space Experience shows tiiat at the 
upper end of the spinal canal also tumours maj exist and produce serious 
sjTnptoms of spmal compression w ith little or no obstruction, on Queckenstedt b 
test With the exception of these tumours at the upper and low er ends of 
the canal spmal tumours tend to produce a blockage on Queckenstedt s test 
Lipiodol sliould not be emplojed for mvestjgation of a suspected ca^e of 
spinal tumour until full clinical studies and spmal manometrj have been 
carried out In most cases if Queckenstedt 8 test is normal it is useless to 
employ Lpiodol for it will usualh pass quickly to the sacral cul de sac without 
reveaUng the tumour or from being temporarily held up at one pomt it mav 
induce the belief that there Ls a tumourvvhere none exists Thereare however 
some special mdications for the use of hpiodol m cases where there is. no spmal 
bloci shown by manometry thus hpiodol is used to display protrusion of the 
intervertebral disc and to detect hi^ cervical tumours 

The use of hpiodol m spmal tumour may occasionally be follow ed w ithm a 
few hours by an increase of the paralysis retention of urme and otlier signs 
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of comprecsion but no permanent harm is done if tlie tumour removed 
iTithm the next twenty four lioiu^ The same ti^pe of aggravatjoii of signs 
raa\ follow simple lumbar puncture, and from tlie same cau«e, narneh a 
shift of the tumour m relation to the ‘spinil cord At operations after in- 
jection of hpiodol the oil ohstnlcted m the region of the tumour, ls for the 
most part removed 

Technique 

Lipiodol IS injected into the siibaraclinoid space either through the eis- 
tema magna or bj lumbar puncture A tilting table is essential for thorough 
etamination though an incomplete examination bj the cisternal route can 
be made witli the patient sitting up A detailed de^cnjition of tlie technique 
IS given bi Camp and bj IJ ortk 

Cisternal Injection — For cistemal puncture the back of the head u* shaved 
up to the external occipital protuberance and cleaned uath antiseptic , a u heal 
IS then made vath 1 per cent no\ ocaine at a pomt in the middle line on a le\ el 
uith the >puio of the axis l\ itli the patient s head shghtb flexed m order to 
separate the posterior arch of the atlas from the base of the skull a lumbar- 
puncture nee^e is introduced m a forward and upward direction towards the 
root of the no«o «o that it wall stnke against the base of the skull behind and 
above the foramen magnum It is then parth wathdrawn and is adinnced once 
more in a more horizontal direction so as to pass into the theci below the 
posterior edge of tlie foramen magnum Tlie occipito atlantal ligament w so 
touch that a distinct increase of resistance is alwais felt as the jxwnl of the 
needle passes through it * Care should be taken tint the needle onlj just enters 
the cwtema magna as there is danger of injuring tlie vertebral arteries or the 
medulla oblongata if the needle u> advanced farther oii rare occasions case> 
have been reported of subarachnoid liwraorrhage follow mg cisternal puncture 
which required immediate operation m order to save life On withdrawmg 
the stilet cerebrospinal fluid usualli drips from the needle but sometimes m 
the sitting position the pressure m the cistema magna is so low that fluid 
comes awai onli on aspu-ation 

A specimen of the cerebrospmal fluid from the cistema nuigna vs taken for 
examination a nd hpiodol is then injected in amounts inning from 2 to 5 c e 
The less complete the spinal block on Queckenstedt’s test, the greater the 
amount of oil that should bo used llith small amounts there is a tendency 
for the oil to break up into globules, and for arrest of the oil bj normal 
structures 

■\^lth the screen the hpiodol is ob««ned in its course down the spinal 
canal Its passage will be slowest wliere the cord is largest, namcl\ at the 
cervical and lumbar enlargements Extreme cur\es m tbe spine will cause a 
dela\ m the rate of flow In addition the hpiodol ma\ be held up temporarilv 
bj spinal roots the dentate ligaments and the ‘septum posticum Films are 
\Rni— 13 
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taken whenever there is anj check to the flow of the oil Lateral as iiell as 
antero j^osterior projections ma\ be nece*(sar\ 

^Vhere\er a block is foutid the examination should be repeated after a feu 
hours and if necessarjj next day, to exclude a partial or false check Ifthere 
IS “no obstruction the lipiOdol drops into the sacral sac w hich ends at the le\ el 
of the second or third sacral rertebra 
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On a tiltmg table the hpiodol can then be 
sent on the reverse joumej , so that the 
« hole spinal canal is again examined , hut 
it should not be alloued to enter the 
skull, for there it is liable to produce 
headache and irritation of the posterior 
cranial nerves The examination ls made 
with the patient prone and supme After 
one or two weeks the hpiodol usualh 
becomes fixed m the sacral cul-de sac and 
can no longer be manipulated for the 
purpose of radiographic examinations 
Lumbar Injections — ^Tbe lumbar route 
should alwajs be used-when a tumour m 
the region of the foramen magnum !■» 
suspected and when the lower lumbar 
and sacral parts-of the canal are to be 
examined as for suspected protrusion of 
an intervertebral disc It has indeed 
nianv advantages over tbts ciatemal 
method for nearlj all cases since it doe* 
not require shavmg of hair, and the risks 
of lumbar puncture are e\ en smaller than 
those of cisternal puncture It shows 
al'O the lower limit of the tumour, and 
nian^ surgeons prefer to know before 
operation the low er rather than the upper 
limit of the tumour 

For the lumbar injection a tiltm*’ 
table IS an absolute neces.sit3 It i* 


surprising how much dowmwanl tilt of the trunk is necessarv to cau.se the 


hpiodol to ov ercome the normal curves of the spmal column in its passage from 


the lumbar to the cerv ical region The hpiodol rs injected bv lumbar puncture 
with the patient hang on the tilting table The patient is then tilted trunk 
and head downwards the tilt being gradually increased whenever the Sscreen 
shows that the hpiodol is held up This exammation is conducted vnth the 


patient face down or on lies back If the lev^l is judged b^ such structures as 
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the diaplirigiii and Jieirt it is important 
to bear in mind that there la considerable 
distortion All impressions from screening 
jmist 1)6 controlled radiograms and 
15 b\ 12 incli films should be emplojed 
Lateral and obhque projections can be 
h1«o ii«ed 

Rhcre a block is found that cannot 
be o\ ercoine b% 80 degrees head dow n 
ward'i tilt a second radiogram should 
be made fifteen to tbirt\ minutes after 
the fii^t to ensure that there is no false 
cheek 

rorcaannnation of theluinbo sacralsac 
the pitient is tilted feet dowaiuards after 
injection of 
the lipiodoi 
5 c c of oil 
should be 
used and the 

tilt should bedonesJowh m order to keeji the oil 
together as a continuous shadou , and to prevent 
it from breaking uji into globules If search is 
l»eing made for a protrusion of an intervertebral 
disc all that uiU lie seen usiialK is a niche in the 
lipiodol shadow, and radiograms must be taken 
not oiiK in antero posterior, po'^tero anterior, 
and both lateral iKisitioiis but also m oblique 
planes otlierwi'c the niche produced bj the 
{irotmded disc maj not be disclosed (Fig 174) 
Occasjonalh ns fore\ample when multiple 
Kpmal tumours are suspected it nnj be neces 
sarv to use both ci-iternal and lumbar micctinps 
m the same patient Accordmg to 11 ortk some 
tumours ma\ lie demonstrated b\ cisternal 
injection after lumbar injection lias failed to 
show nns lesion 

Interpretation 

Lipiodol displajs the prccj->e lesel of the 
upper or lower limit of the ]e-.jon and m n few 
cases indicates its nature, though for the 
most put the lipiodol shadows related to the 
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varjoiis tjpes of spinal tumour liave not been as ;^et clearly defined When 
tliere is a complete block tlie lower limit of the shadoAV m a case of cisternal 
injection has a flat or conca\e lower edge often with a downward spur at 
one point (Pig J7''i) This spur maj eien be prolonged around the lower 
pole of the tumour (Pig 176) Vertebral lesions and most extradural lesions 
tend to produce a shadow which has a transverse margm against the 
tumour this transserse margin ma^ be a 
# i broken Ime resembling the end of a bundle 

of faggots (Fig 17”) Extramedullarj 
j?- ^ tumours tend to produce a sharp margin 

concave towards the tumour Intrame 
diillar> tumours at times show the oil 
breaking up into two streams of noduhr 
outline on each side of a central space an 
appearance winch corresponds to a fusiform 
enlargement of the spinal cord (Fig 
(o and 6)) At times however oil will divide 
mto two streams on either side of a normal 
spinal cord tlms mtcrj retation of these 
appearances must be made with caution 
Inflammatory conditions giving rise to 
arachnoiditis may cause a complete block in 
the spmal canal but more commonly the 
oil IS held m droplets and globules scattered 
over the involved area The droplets of 
oil remain stationary over a varying period 
If tJie adhesions are severe the oil will never 

- ^ , move and by its slightly irritant effect 

tiG 177 Csiteinal I p odol ^ j 

how ng complete trans emo I lock ®ven accentuate the intlammatioii ana 

at lo\el of th 1 tl orac o ^erteira adhesion It IS probable that the oil lodges 
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in pockets and therefore no phy sical 
mctliods such as movement or alteration 


of intrathecal pressure can dislotlge it If a block is complete the oil will 
be seerv to ind cate the nerve roots at tlve site of blocl by small triangular 
lateral projections Occasionally the lipiodol will travel quite an appreciable 
distance along a root this is common if the oil lies above a lesion for some 
time and no operation is performed 

Coggershall and ia?i Starch have described a method of investigating the 
sacral sac by injecting air into the lumbar region after withdrawal of some 
fluid and then tilting the patient until the head is 30 degrees below the 
horizontal plane Tlie air rises to the sacral sac and thus the outlme 
IS radiographed 

This method of investigation is being used mcreasingly for examination 
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of the ^\lloIe spinal cord u»mg ovjgen or air instead of iipiodol and «ith 
improrenient of tecJunque and mcren'ie of detail in the radiograpli it is 
pos-iible tint it mav replace the oil injections It is po«sible to detect manj 
tnmours by tlus means at the preaent tune LtnOgren ndvocates the u.e of 
o'^vgen m preference to air and states that it causes le?> inconvenience and 
reaction to the patient 

* TJie piece of H»l\er Afire «een m the radiogram la u.ed to correlate (1 e «kia lc\el with the 
ntra.pmftl level for the purposes of opetat on 
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THE ACCESSORY KASAL SIKUSES, LABYRINTH, AND 
MASTOID PROCESS 

CHAPTER 

ANATOMY or THE \CCESSOE\ NASAL SINUSES 

Altjiocgh a tliorough knowledge of tl»e anatomj of each and everj part of 
the hod\ IS an es'sential concomitant of the radiologist's eqmpraent if he is to 
dngno‘«e accurately , it is especiiHy necessary m the ca®e of the accessory 
nasal sinuses In the first place, the normal vanes wjthm very wide limits , 
indeed, the shape, size, and developmental abnorraahties of tli© sinuses of 
different individuals \ary ’so greatly that no two persons’ smuses are alike 
So true IS this, that, given good radiograms taken by correct standard teclmique, 
an experienced ndiologist could pick out with certainty the radiograms of one 
individual from amongst a thousand others, a fact w Inch incidentally might 
be, under certain circumstances, of considerable forensic value In the second 
place, the radiologist’s esnmination is frequently preluninarj' to surgical treat 
ment and here the surgeon is operating on structures w hich he either cannot 
see or of which ho 0 in only obtain a \ cry imperfect new How essential it is, 
therefore, that the X ray information on which he depends for his guidance 
should be provided by one who=e knowledge of the anatomy of the part is 
equal to his own In addition to a thorough knowledge of the anatomy , 
pathology, radiographic technique, and interpretation of radiograms of the 
icce'^-'ory nasal sinuses — subjects which are dealt inth here — ^tbe radiologist 
should also acquire a worlong knowledge of the procedure of the surgery of 
these parts so that he may understand the requirements of, and fully’^ co 
operate wath, his colleague, the surgeon 

THE MAXILLARY SINUSES 

AMieii viewed m the postero anterior plane, the maxillary sinuses are 
jiyvamidal in shape, w ith the apices directed dowaiw ards In the lateral plane 
tliey are quadrilateral, with rounded comeis In tlie vertico mental view 
thei are pyramidal, with the apices directed backwards 

The antnim is situated in the bodv of the maxilla Above, it ja bounded 
by the floor of the orbit, below by the molar and bicuspid teeth of the upper 
jaw , mesialh it is bounded by the lateral wall of the no«e. anteriorly and 
SOI 
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laterally bj the facial wall of the maxilla and posteriorly by the posterior w sll 
of the body of the maxilla separatmg it from the pterygo maxilhrv fossa 

The antrum like all the accessory nasal sinuses is lined with ciliated 
epithelium and the ostium or openmg is situated in the upper jiart of tlio 
nasal wall Consequently when the body is m the erect posture drainage of 
the sums is entirely dependent on ciliary action 

T1 e antra are the most symmetrical of the accessory nasal einu<5es and are 
the least subject to developmental aanatxons The most common aariatioii 
IS m the level of t! e antral floor whicli may vary from 1 cm below to 1 cm 
abo% e the nasal floor The position of the antral floor is of surgical importance 
w here an intranasal puncture is performed and any abnormality m its position 
should be noted in the X ray report 

The antra are usually of equal size but occasionally one may be small and 
poorly developed the bony wall being oorrespondmgly thicker Such a sinus 
w ill naturally be more opaque to X rays than its fellow of the opposite side 
and one must be careful not to interpret this opacity as patliologjcal 

Particular attention should be paid to the floor as early pathological 
changes of an inflammatory nature arc most marked here The relationship 
of the teeth of the upper jaw to the antral floor should also be noted When 
the antral floor is prolonged downwards the roots of tlie molar and bicuspid 
teeth appear to project into the antrum Stereoscopic films will usually show 
them to he in the outer nail of the sinus They do liowever occasional]\ 
project into the antrum and are then covered by the antral muco a It is 
in these cases that an apical abscess may roost readily cause infection of 
the antrum and extraction of one of these teeth may cause a breach m tJ e 
antral wall 

The internal walls of the antra are usually smooth but occasionally partial 
septa may project into the cavity and m very rare cases a complete septum 
may divide the smus into two parts It is imjiortant to recognise the presence 
of such a septum as m the event of infection the surgeon may puncture the 
uninfected part and find a clean sinus whereas the other part may be filled 
with pus Where the radiograms suggest the possibility of such a condition 
the introduction of Iipiodol througli the ostium will estabbsh the diagnosis 
The low er border of the middle turbinate bone which m the lateral \ lew is seen 
to cross the antrum from behmd upwards and forwards must not be mistaken 
for a septum 

In infants the antrum cannot be distinguished radiograjihically as a 
definite cavity until the end of the first year and until the twelfth year the 
floor IS largely concealed by unerupted teeth 

THE FRONTAL SINUSES 

As their name indicates these sinuses are situated in the frontal bone — 
m the horizontal and vertical portions Below they are bounded by a varying 
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area of the roof of the orbit and the ethmoid labrrmth Above thej e\teud 
into tlie vertical portion of tlie frontal bone 

The frontal «imuses arc freqnentU asvimnetrical and the> \ir^ much in 
size and shape The larger the frontal smuses aie the greater variations thev 
shon m sliape An average sized fuHj developed frontal sinus extends from 
t!ie nudhn© to the supra orbital notch At the fifth rear tbej are about the 
size of a threepennj bit and thej gradually increase in size until the\ reach 
full development at about the eighteenth jear 

The frontal smu^es maj vary m size from complete absence of one or both 
smusob to extension throughout almost the whole frontal bone in the \ertical 
direction and horizontalU and backwards to the wmgs of tlie splienoids 
Congenital absence of one frontal smus is comparativelj common occurring in 
one in twenty persons but absence of both js much more rare and is usnallv 
associated inth a persistent nietopic snture In cases where tlie vertical 
]iortions of one or both frontal smuses are absent the stereoscopic lateral 
films should be carefulh studied to determine whether the horizontal portions 
are present as absence of the former is more common than absence of the 
latter 

The anterior w all maj be irregular m thickness w ith consequent irregularity 
in density on the film wluch raa^ be interpreted by the meaqienenced as 
pathological On the other liand the posterior n all is smooth and of a uniform 
thickne«$ throughout 

The frontal mter sinus septum may be centralis placed or deviated to one 
side or the other Occasionally it luaj be absent Partial *epta ate frequentlj 
seen m large frontal sinuses projecting from the anterior n all 

^Vhen surgical procedure is contemplated it ib important for tlie surgeon 
to know the size and shape of the frontal smuses and the presence or absence 
of ethmoid cells m the immediate neighbourhood of the fronto nasal duct 
When an external operation is to be performed it is obvioual^ important to 
know the level of the floor and also the antero posterior depth of the sinus 
If the anterior wall of the smus is removed at operation and this antero 
posterior depth is cxce sive nnsigbtlj hoUoinng or flattening of the forehead 
will result 

The fronto nasal duct usuall\ coramuuicates directlj w ith the superior 
meatus or the hiatus seraihinaris but occaMonallj ibmaa openmto a imsplaced 
etlimoidal cell ivhich in turn opens into tJie superior meatus 

Aberrant ethmoid cells not mfrequentlj compheate operation on and 
dramage of the frontal sinu'^es and it is important that the radiologist should 
recognise their presence and mform tlie surgeon of their location For this 
purpose stereoscopic lateral news are the most valuable Such cells maj pro 
ject into the floor of the frontal smus may be in close contiguity with the 
fronto nasal duct or a cell inaj be situated m the agger nasi anterior to the 
duot It IS obvious that di«ea<»e in these cells niaa mfect the neighbouring 
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frontal sinus, and that under such circumstances it would be useless to operate 
on the frontal sinus a\ ithout dealing, at the same time with these cells 


THE ETHMOIDAL CELLS 

The ethmoidal labjTmths are bounded aboTO bj the floor of the anterior 
fossa and below by the hiatus semilunans Mesiall^ , each ethmoid labyrinth 
IS bounded by the middle meatus and the nasal septum, and, laterally by the 
orbital plate of the ethmoid 

Of all the accessorj nasal smuses, the ethmoid labjTinth is subject to the 
greatest developmental variations It js therofore essential for the radiologist 
to have an accurate and wde knowledge of the anatomj and these develop 
mental variations of the ethmoid labyrmth for not infrequently the detection 
of an aberrant and infected ethmoid cell may supplj the key, unobtainable 
except by radiologj , to the patient’s symptoms 

Misplaced ethmoid cells are found far outside their owm anatomical bound 
anes, and the careful radiologist should always be on the look out for tliese 
‘ Bedouins ” of the accessorj nasal smuses In searching for these w andenng 
ethmoid cells stereoscopic lateral views are ver\ useful in addition to the 
standard obhque view s 

The ethmoid cells vary m size and number and he on each side of the mid 
line of the nose comprising the two ethmoid labjTinths Each labyrmth may 
m rare cases consist of onij three or four large cells but usuallj a large number 
of smaller cells are present the usual number being tw elve to sixteen The 
cells are differentiated mto anterior and posterior groups The posterior 
ethmoid cells are usually larger than the anterior cells Each cell has a 
separate ostium The ostia of the anterior cells open above or into the hiatus 
semilunaris those of the posterior cells into the superior meatus and the 
spheno ethmoidal recess but this is an anatomical distmction which cannot 
be distmguished in a radiogram 

The superior border of tlie etlimoidal cajisule runs backwards from the 
frontal smus to the sphenoidal sinus The posterior border is m contact with 
the sphenoidal sinus The lower border of the capsule extends forwards and 
curves into the anterior border which runs upwards and forwards to jom the 
superior border in a rounded eramence, known as the ethmoidal bulla following 
the line of the hiatus semilunaijs Cells situated m front of the fronto nasal 
ducts and belvind the frontal processes of the maxillae are known as agger 
nasi cells 

Cells are not infrequent^ found outside the ethmoid labyrmth m various 
situations It is obv lous how extremely important it is for the radiologist to 
recognLse a cell of this type and rejiort on its presence to his surgical colleague 
The fronto-ethmoidal cell is the type of aberrant ethmoid cell most commonly 
met vMth It is situated between the supra orbital margin and the anterior 
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part of tlie floor of the frontal sinus It is usually about tlie size of a pea, but 
it may occasional!} extend uell up into the frontal sinus, or back^iards oaer 
the orbit In the latter ca^e it is sometimes difficult to distinguish an aberrant 
cell of this tjqie from a lai^ horizontal extension of tlie frontal smus, but the 
ethmoid cell usually is subdtnded bj septa or partial “^epta 

Again, aberrant cells are not infrequent!} found in the bod} of sphenoid, 
either alongside or under the sphenoidal smus , occasionalh tlie} nia} he over 
the sphenoidal sinus The confusion of sltadoMS, caused by the projection of 
such cells on the shadow of the sphenoidal smuse®, at makes interpretation 

difficult, hut stereoscopic lateral views, m addition to vertico mental views, 
should lead the radiologist to the solution of the problem Sometimes, liow- 
e\ei, the introduction, of lipiodol is necessar} to clear up tlie position 

Ethmoid cells are sometimes found m the pter\goid processes the fronto 
nasal duct may open into an ethmoid cell, and the frontal smus gam exit to 
the no'te through the ostium of the cells 

The po^sition of the bulla ethmoidahs vanes to a fairh wide extent and it 
ma} occasional!} project «!0 far forward as to narrow or distort the fronto nasal 
duct , it ma} touch the middle tiirbmate or pu«li it against the na«al septum 
Lastl}, ethmoid cells are frequent!} found between the floor of the orbit 
and the roof of the antrum, and ma} occasiomll} extend for some distance 
domi the facial wall of the antrum 

From the above description it will be seen how essential it is for the radio 
logiab to have a ver} complete knowledge, not onl> of the nonnal anatom} of 
the ethmoid cells, but also of theur roam developmental abnormalities An 
operation ma} be rendered useless b} failure to open an infected nlierrant 
ethmoid cell, which often can be detected only b} ntliologi 

THE SPHENOIDAL SINUSES 

The sphenoidal smuses are usual!} not visible radiologicalh until about the 
beginning of the third jear Pncumatisation extends from before backwaicK 
and readies the dorsum seUse about the tenth jear 

Developmental absence of a splienoidal sinu'. is extxemeJ} rare Thei are 
iisiiall} asjTnmetnca! and are situated m the bod} of the sphenoid bone TJiev 
var} considerabH in size and sliape, but their floors are alwavs parallel with 
the floor of the pituitar} fo^sa Their cavities sometimes extend upwards 
into the dorsum sella? Tlie} are ilivided b} a septum, which is frequently not 
median, and varies m thiclvneos Accessor} pockets or loculi ma} project 
from the lateral or posterior wall of the amuses Again a para sphenoidal 
ethmoid cell ma} open into one of them The sphenoidal sinuses open into 
the spheno ethmoidal recess, the opening being high up m the antenor walls 
of the sinuses 

As m the other sinuses, so in these, where individual variations are so wade 
and so frequent close stud} of the anatom} of each ca«e is e&sentnl, and 
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attention should be drawn by the radiologist to anj point which might be of 
help to the surgeon iilio has to depend almost entirely on the radiologist for 
naming of am peculiarity of tlie anatomical structure m the posterior group 
of sinuses 

Emalh the writer would recommend the student to study stereoscopic 
radiograms of the sinuses carefulh and persistently until he can identify everi 
shdflon 



CHAPTER Mil 


TECHNTQLP OF E^:\3n\4TIO\ 

\ R\\i\G the Blmll one n V rajmg the mo«t complit'xtecl bon\ structure 
jn the bod> one is tbroMing Riulti|>Ie shndows widelv rhfferjng jn distniice 
size ami clen^Jiti on to the single phnc of the \ ri\ film. A. sin'll! difference 
111 the nngle of incidence of the rajs m the exact point on the skull o\er ulueli 
the\ are centred or m the jiositiomng of the jiatients si nil mil suing the 
ishidou s of tho»e stnictures \\ Inch are a fen inches an av from the Sim tlirongh 
a n ide arc and cause a big variation m their relative positions to the shadon 
of structures closer to the film Hence the absolute necessitv for taking the 
radiograms at constant and standardised angle> m ererj case irrespective of 
individual differences in shape of the patient s skull for exact centring and 
angulation of the tube and for taking several different \ leu s from standardised 
angles In the raajoritj of tevt books dealuig mth tins subject one finds onlv 
three \ieus mentioned — a lateral view and tuo other views de&cribed respec 
tuelya^'the nose chin and no c forehead jiosition livese are not in 
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fact, exactly defined ‘ positions at all and the multiple shadows in the 
resulting radiograms depend for their situations relative to one another on not 
more exact or scientific a standard than the indel^ virjing facial contours of 
individual patients It is hopeless to expect accurate \ ray findings from sueli 
inaccurately tal en X. ray films 

For example Figs 179 and 180 are two radiograms of the same patient 
Fig 179 Mas taken m the nose chin position and it will be seen that the 
lower parts of both antra are con ealed by the shadows of the petrous bones 
this being brought about by the patient havmg a long chin and a short nose 
In this radiogram nothing abnormal can be detected Yet Fig 180 taken a 
few minutes later at the correct angle throws the petrous bones clear of the 
antra and shows the right antrum to be half filled with pus 

This IS only one illustration of the impossibility of demonstrating patho 
logical conditions m tlie accessory nasal sinuses by X rays with any degree of 
accuracy if the radiographic technique employed is of a haphazard character 
Guen the use of correct radiographic technique the findings m the \ray 
investigation of the accessory nasal stiluses are as uniformly accurate as m the 
case 6f any other paVt of the body — if npt more so ^ Tlie finst point to 
be no^ed therefore is that one cannot oier emphasise tJie absolute necessity 
for accurate and standardised technique m the radiologv of the iccessoiv 
nasal sinuses 


.IMPORTANCE OF ERECT POSTURE 
In tlie days when \iay apparatus gave only a small output and before 
the production of double^coated films an 1 of intensify ing screens tlie exposures 
were very long and the only position in which the patient could keep reason 
ably still w as either the* prone or the supine In spite of the vast improv ements 
in power and speed that have reduced the expo^sure to at the most a matter 
of six or eight seconds by far the greater number of X ray examinations— 
with the exception of the chest and stomacli — are carried out in the recumbent 
position In the majority of instances there is no disadvantage in such a posi 
tion but it is definitely contraindicated when the part to be X rayed is an air 
containing cavity which may be abnormally opaque to Xrajs as a result of 
pathological clianges m the mucosa or of pus If one wishes to examine the 
contents of a glass jar and to nscertam whether its content is solid or fluid 
one does not do so with the jar lying on its side as that would not give one 
tlie required information One naturally holds it upright on a lei el w ith one s 
eyes so that the light passes horizontally througli the material to ones eye 
In tins position one can examine the structure of tiie material see tJie upper 
border and ascertain wliether it is fluid or not by tilting the jar from side to 
side If it IS fluid this upper border w ill remain horizontal w hatei er the posi 
tion of the bottle The same thmg applies to the sinuses if they are \ raye 1 



TECHNIQUE OF EXASHNATION 


209 


in the upright position If they are Xrajed in the prone position gross 
pathological changes may easilj escape detection 

Fig 181 , for instance show s no abnormality bej ond a slight degree of cloudi 
ness in the antra Tins radiogram xvas taken m the prone position Fig 182 
IS a radiogram of the same patient but taken in the erect posture a few minutes 
later winch shows a collection of pua m both antra \Miat happens is that 
m the prone position the fluid is spread out m a thin film o\ er tlie antral w all 
and when the imount is small it is msufficient to cast an appreciable shadow 
In the erect position however the flmd is all collected into a jiool m the low er 
part of the smus and is at once oba loas 

Normal Transradiancy — Another possible source of error is the w idch held 
issumption that the radiological detection of smus mfeetion depends on the 
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ob-serv ition that one sinus i* more ofiaqiie than its fellow of the opposite side 
One h IS 011 I 3 to consider the matter for a moment to appreciate iiou misleading 
radiological evidence based on tins fallacy might often be I or, on the one 
hdiKl my he smah and /warff der^oped o/th thick banj n iff? and 

toiLsequent small air content which tJiough non pathological is opaque when 
compared vntli tlie opposite normall) developed sinus On the other liand 
1 pair of smuses niav often contain an equal amount of pus or thickened lining 
membrane and since both will allow an equal amount of raj's to piss thev 
would botli on this basis of diagnosis be considered ndioIogicalH normal 
Tlie onlj safe and rea'soinhle basis for radiological diagnosis is the radiologist s 
acquaintance with the normal degree of transrarhanej which each sinus should 
possess according to its-size and air content This necessitates a thorough 
knowledge of the standard normal and obviouslv can onlv be gamed by taking 
the radiograms bj a standardised tcclinique 
\Km — 14 
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STANDARD TECHNIQUE 

In order to put into jincticd the technical procedure outlined aboi e it m as 
first of all necessar\ to design a special piece of apparatus for this purpose 

Fig 183 illustrates the stand tlie 
writer designed in 1929 and 
except for minor alterations 
such as the introduction of 
the shock proof tube tl e 
general design of such stands 
remains the same to day The 
head clamp is of the lazy 
tong tjTie and can be rotated 
the angle of rotation beuig 
measured on i calibrated scale 
It IS attached to the Potter 
Bucky diaphragm which is 
counterbalanced for raising or 
lowenng Some radiologists 
prefer to use a long cone and 
disjiense with the Potter Buckj 
diaphragm and this certainli 
makes the apparatus consider 
ably less expensive The WTitcr 
prefers the radiograms taken 
w ith a Potter Bucky and also 
the Potter Buckj makes tl e 
stand of much greater value for 
the radiologj of otl er parts of 
the both Tl e scat can be 
ii m Ujtjtlt red C.ts d backwards forward^ 

transverselv and up and down The tube can also be moved backward 
and forwards and can be tilted through a measured angle 

Although at fiist called a ^Sinus Stand it is so useful for \ rajaiic- 
other parts of the bodj such as the cervical spine shoulder pregnancies teeth 
etc that the writer thml s the term Ui nght Radiographic Stand better 
Its mihal expen e tl erefpre is offset bj its utibtv being wider than in its 
original intention 

Ihe SIX jstandard viev^s whicli the writer uses are all taken m the erect 
position and at definite and accurately measured angles for every patient 
irrespective of any difference m facial contour They are as follows 

(!) Occipito frontal View (Fig 184) — The head is grasped by the head claiup 
111 the bitemporal diameter and the head clamp is adjusted so that the 
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> ir 184 — Po9 t on for occ p to frontal \ v 


antero posterior diameter of the skull w perpendicuhr to the film the angle 
being read oCF on the dial An imaginary hno is taken joining the external 
auditor} meatus and outer cantJins of the eve which for brevitj mav bo called 
tliQ orbito meatal line Tins line is so adjusted bv means of a protrnctfr 
that it is perpendicular to the film the tulie is centred half an inch below tin? 


external occipital protuberance and tl 
howniuFig I&5 The |ietrous bones 
intra in tin*. i o^ition The principal 
use of this view however i not to 
-.how the antra but to show w hethcr 
ijicre IS anv abnoniial opacitv of thi 
<thnioulil labniuth or of the 
plienoidal smu es On either si<lc 
of tlic jcrpenclicular plate of the 
ethmoid two air space arc seen 
llic c air vpacc- in tins josition 
(.onsi>t of the sujiernnposed shadows 
of the anterior and posterior cth 
mowlal cells and the sphenoidal 
-.inti-cs from before I ackward and 
Dormallv thev are clear 

(2) Occipito mental View (bigs 
ISO and lh7) — In tins \iew tic 
head still jrras-jwd m the bitcm|Kiral 


5 exjjosure made A t>*pical result is. 
ill lie seen to be thrown well tibovc the 
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diameter is so adjusted tliat tbe orbito meatal line subtends an angle of 
45 degrees to the film this angle being open towards the feet The resulting 
radiogram is shown in Fig 187 In this position the petrous bones are 
seen to be thro\\-n clear below tbe antra thereby ginng an ummpaired new 
of these sinuses The anterior ethmoidal cells are tlirown clear of the 
posterior group of sinuses and tbe frontal sinuses are well shown 


(3) Vertico-mental View (Figs 188 



Fio 1S7 — Oecipito mental vieu 


tnd 189) — In this position the patient 
extends the head as far back as 
possible on the neck There can 
obviousl} be no standard angle 
through which all patients can extend 
the head but thi* ls compensated for 
by so tiltmg the tube that, whatever 
this angle ma% be, tbe central raj i-> 
constantlj at right angles to the 
patient’s vertex 

An alternative to this view and 
one w hich many patients find easier, 
IS the mento i ertical vnew Thts 
the same view , but the opposite wa% 
round, the patient placing the vertex 
against the Potter Bucks and the raj s 
bemg centred between the horizontal 
rami of the mandible 
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(4) Right Oblique View (Figs 190 ami 101) — Tlie licitl, still grasped in the 
clamp, IS rotated through an angle of 30 degrees, the occiput moMng towards 
the right The chm is then raised so as to displace the mastoid dowiuards 
and so out of the uaj, the tube being centred just behind and above the 
left mastoid process This view throws the shadows of the light posterior 
ethmoidal cells, and incidentall.t the right optic foramen, into the shadow of 
the right orbit 

(5) Left Oblique View (Fig 192) — ^This is the same as the right oblique 
^^e« , but in this instance the occiput 
IS rotated through 39 degrees to the 
left, therebj show mg the left imterior 
ethmoidal cells 

(fi) Lateral View (Figs 193 and 
194) — This IS an ordinary lateral 
•new of the sella turcica and 
accessorj nasal smu«es, and is 
useful m cases of congenital absence 
of one or both frontal sinuses, 
and in cases m which one or other 
antrum is poorly developed, with 
thick bony walls, and consequently 
more or less opaque in the anterior 
view The lateral view tlirows into 
relief the thick bony walls, and 
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Fio IS>> — Position for right oUjque V ew 


clears up the cau.sc of the opacity It al«o shous the depth of the frontal 
sinus 

In certain cases stereoscopic riens m one or raore positions are useful 
Stereoscopic lateral \ie«s are of particular utilitj in locating srandenng 
ethmoid cells 

These then are the six standard news used in this technique Thet are 
ancillary to one another, and each forms o composite part of the u hole More 
os er though each view is prinianl> taken for a particular sinu** or group of cells 
the\ o\ crlap the senes giving at 
least two views from differing angles 
of each sinus For instance the 
occipito mental % lew i* the priman 
film for the maxiUarj antra hut 
the^ are al«o sliown from different 
angles m the sertico mental and 
lateral Mews Again the frontal 
amuses are often \cr\ usefull} 
visualL«ed m the oblique siews as 
well as in the occipito mental view 
It w ill also be seen that bj u mg 
this technique a radiogram taken in 
anj gisen one of these j> 05 itioa> 
Fic IDI — Kight oH quoMew Will be exactly comparable so far 
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the nornni ‘iha(lo\si arc concerned, with the corre‘ii>oncling rncljogram of 
another ^lationt Tlm«, b^ thw method, an> \nnation from the nonnal ^\Jll 
lie at once apparent to the e^penenwd mdtologiat Nccca.<\nl>, it tahea a 
little time and cxi>cncnee to distinguish accumleU each of the multiple 
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normal shadows m each view even ^hen tliey are in\ariablj projected into 
the same relative positions bj the technique descnbed aboie One can 
imagme how imnecessanly difBcult this becomes nhen they are throim all 
over the film accordmg to the prommence of the patient s nose cbm or 
forehead and how next to impossible 
it IS — under such conditions — to 
recognise pathological changes v. t)i 
anj approach to accuracj 

It IS entnelj due to a haphazard 
technique that some otolarjTigologLsts 
iia\e until a fen jear«i ago placed 
little rehance on \ raj findmgs 
Radiology properly emploj ed can 
give more accurate information con 
cemmg the condition of the accessorj 
sinuses than anj other method of 
m\estigat on with the exception of 
radical operation and that exceptio i 
onlj applies m the case of the anterior 
Fjo 194— LateraUiew gToupofsuiuses The Central London 

Throat Isose and Ear Hosp tal 
treats a very large number of cases of sinus disease everj jear Twelve 
years ago this hospital had no X raj apparatus ^nd for five jears after 
its mtroduction onij half a dozen cases per weel ivere sent for \ rav 
examination After tl e introduction of the upright stand technique the 
numbers steadily increased and to-daj so great is the rehance placed on the 
X ray findmgs bj tie laryngologist that the vast majority of all cases of 
suspected sinus disease at this hospital are referred for \ rav exnmmation 
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DISE^SE*^ OF THE ACCESSORT NASAL SINTJSES 
SINUSITIS 

SrvLSiris i& one of flie commonest diseases that fle‘«h i& heir to The dkcase 
spesking broadlr znai be diMded into two types hyperplastic and suppnra 
tive depending on the causative factor At a later stage the'^e two tv’pes ma\ 
merge into one another depending on «equel'e of infection m the one ca'^e and 
on superadded infection in the other 

Hyperplastic Sinusitis — ^The commonest came of this condition is a deviated 
‘septum The constant obstruction to the free passage of air and mucus pro 
duces first of all lij’pertrophv followed bj hyperplasia of the mucosa of 
the affected smuses It !•> a slowK progressive change usuallv comraencuig 
in the ethnioids 

Tlie o«tjum becomes narrowed bv the thickeDcd mucosa and secretion mav 
be retained and infected with a resulting supenmposed acute suppuration 
The ]^)eriosteaI laver of the mucosa mav become so fibrosed as to constrict the 
blood ve^^eU running in it with a rcsultmg sderosing osteitis of the bonv vv all^ 
tins being most cornmonJi seen in the ethmoid eelis iihere the thin bonj «epta 
are sandwiched between two hvers of muco«a 

The thickening of the Immg membrane mav also result m the formation of 
poij'pj Blocking of the Oatiura of the frontal sinus b} thickened mucosa mav 
re ult in the foruiation of a mucocele 

The \. ray appearances m a typical case ore as follows The nasal 
>^eptum i-s uouall^ «ieen to be deflected The affected smuses are opaque 
but the opacitv is usuallr «een to be non homogeneous when a correct 
kilovoltage i& used The tiuekened mucosa is seen to have a «!harph 
defined mner border the central portion of the smus hemg comparativeh 
transradiant 

WTien multiple polvpi are present they may so fill the cavitj of the 
sinus overlapping each others contours as to mak** *’L‘* onacity homo 
geneous 

Suppurative Sinusitis — Suppurative einnsitts usually commences m the 
antra The commonest cause of this condition is cor3’za and there is usuallj 
an appreciable rise m the mcidence of this condition m an mfluenza epidemic 
Ainoag the le^s common caii>es js the spread of infection from a septic tooth 
esjiecmlh when the apex of the tooth bul^ mto the antrum and is onlv 
separated from it bj the antral rauco^sa Fracturej> of the antral wall with 
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effusion of blood into the sinus maj also lead to suppuratne sinusiti-s 
The condition is common m hot dusty countries such as Queensland 

In the earlj stages of the disease the sinuses show a cloudy semi trans 
parent ground glass appearance Tvhich is m marked contrast to the hard i\ell 
defined edges of the fibrosed mucosa seen in hyperplastic sinusitis At first 
the bony walls of the sinus are unaffected and show a normal definition 
Exudate later collects in tlie sinus and the ostium may become blocked either 
through thickening of the mucosa round the ostium or through a plug of thick 
pus or mucus becoming impacted in it 

With this blockmg of the ostium the antrum maj become completely filled 
with fluid in which case of course no fluid lex el w ill be apparent and the smus 
will show a homogeneous opacitj on the radiogram As the disease proceeds 
it spreads to the other sinuses and the hjperauma causes a varymg degree 
of osteoporosis of the bonj xvatls with consequent blurring and lack of 
definition in the radiogram In rare cases the infecting organism maj 
penetrate the mueosi and mxade the bone causing an osteom;^eIitw Thj> 
uncommon complication is most apt to occur in connection with the frontal 
sinuses 

If acute sinusitis yields to treatment m the carlj stage a radiogram 
taken later ma\ show little or no variation from the normal but when 
the disease has lasted for some time ^ome chronic thickenmg of the muco«a 
will result 

The earlj acute changes m the mucosa are sometimes difhcult to distinguish 
from the appearances seen in allergic conditions but in allergic conditions 
usually all the sinuses are affected and the transient nature of the abnormal 
appearances together with the history w ill guide one 



Fio 19o — Diagrammatic representnt on of the emusen 
viewed laterally and showing the supenmpos tion of 
ethmoidal cells and sphenoi lal b niues as seen in the 
occ p to frontal v ew m tl p i lane of the arrow 


radiological inter 
PRETATION OF 
SINUSITIS 

The general method of 
interpretation will be most 
easily explained bj tal mg 
a few tj’pical cases after 
t\ards dealing with special 
cases 


SINUSITIS 

Gross Opacity — It will 
be recalled that in Fig 
185 showing the occipito 
frontal view tw o air space-* 
are seen on either side of 
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the porpentlicular plate of the ethmoid The\ coiList of the superimposed 
Bhado^\■s of the anterior and jjostenor ethmoidal cells and the sphenoidal 
sinuses from before backwards (Fig 195) Case I (Fig l9Ga) shows the 
space to the right to be opaque Radiograms in the oblique jiosition 
having demonstrated that the anterior and posterior ethmoidal celU are clear 
the rertico mental vie^ (Fig 1966) shows the opacitv of the nght space to 
be due to an infected sphenoidal smus It will he seen therefore that 
starting with the occipito frontal \iew one has a double check on the 
condition of the ethmoidal labjTuith and the sphenoidal sinuses -which w orks 
out somethmg like a game of patience OccasionalU where there is 
unilateral deficient development of the e sinuses their comparativel;^ thick 



(<n m 

t ic 100 Two saews of an inff>cte I r pht spheno ! to) el ow e an opa tue cthmo do 
pi eno lal rogion (t) show* the opac ty to be due to a jnfeetel t pht epbeno dal e nus 


boot mlK will make the air space on that side ojiaque although no patho 
logical lesion l. present The other mcws however -will show the reason 
for tins opacitt also it must be borne m mmd that if the angle is not 
exact the shadow « of other structures will be thrown mto the air spaces 
Fluid levels — Ca e 11 (Fig 107) lUuatrates. anotlier point The horizontal 
Ime m the left antnim suggests that it is half full of fluid (Fig 197a) That is 
an assumption based on the horizontal wp|jer margin W hen the head is 
tilted to the left (Fig 19 6) it is seen that tlie upper margin remain's hon 
zontal TiJtmg to the opposite side (Fig 197c) has a sumhr result Nothing 
but fluid will remain horizontal in on air -containing cavitv w lien that cavity 
IS tilted therefore the shadow is due to fluid This is not an opinion or 
1 -vague assertion but a fact bas^ on incontrovertible proof Case III 
(Fig 198) shows fluid m a frontal suius and in Case IV (I ig 199) fluid can 
be seen in the sphenoidal smuses 


220 


THE ACCESSORY NASAL SINUSES 



(C) 


Fig 197 — Demonstrat on of fliud 
•evel III the antrum by tilting the 
pat ent s head 


At tl»e stage of infection Athen ca&es 
are sent for X raj examination it is 
relatively uncommon to find a fluid level 
m the sinuses the incidence being about 
6 per cent in the imter s experience 
(This figure does not mclude those cases 
\ ra\ed a fe \ hours after a proof pune 
ture when residual fluid from the 
wash out Ls frequently «een ) It is 
not frequencj of the Msualisation of a 



Fio 198 Fluid le el n frontal sinus 


fluid level \vl ich matters but the deter 
mmation of its presence or absence 
Sometimes one sees a smus which is 
liomogeneouslj opaque Avith no fluid 
le\el apparent In the majontj of cases 
thw is due to marked thickening of the 
mucosa or to multiple polj'pi but the 
radiologist cannot exclude m such a 
case tlie more remote possibihtj of the 
ostium being blocked and the smu- 
completely filled with fluid in w hich 
case of course no fluid level would be 
apparent This possibilitj should be 
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mentioned m the ridiologist’s rejJort 
since then the lirjnigologist knows 
that the sinus m question shous 
pathological changes from one of two 
cau'ies and can determine hy clinical 
examination uhich of the two eon 
dttions IS present 

When a fluid ]o\ el is visualised 
the radiologist cannot sa\ what tjpe 
of fluid it is 1 C w hetlier it is mucus 
muco pus or pus rinck \usnd pus 
flows stowI\ Q%er into the horizontal 
position when the head ls tike<l and 
often has a convex upjier margin but 
tins js as far as one can go Water 
casts us dense a shadow as pus 

Thickened Lining Membrane — ^ 
sinus raaj he translucent or opaque to \ rvv s Opacitv miy be due to i 
fluid content or to disease of the wall or to both and these evcludmg 
deficient development an? the only three possibilities The evaluation of 
normal transluc^ncj la a matter of experience based on the size of the 
smus its air content and the definition and claritj of tlie honj walls or 
foramina projected into the shadow of the sinus With experience thi» ein 
be accniatei} determined In the case of an opaque smu!> the extent to 
which proof can be gneu bi radiology regarding a fluid content has alreadi 



(«) (6J 

Fso ‘*00— Chronic I tie sinu'«itis in both aitm mth «)mo flu l m tic left pro\e<l 

1 y the tilted \ter (b) 
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(0) (6) 
Fio ‘’01 of the left antrum 


been shown \^lth regard to the third possibiiitj since two are pro\ed the 
third IS simple If a normally developed sinus w ith abnormal bony wall is 
opaque to X rajs m all views and no fluid is present the opacity must be 
due to thickening of the jnucosa But qiute apart from this proof bj 
elimmation not onlj thickenmg of the lining membrane but the type of 
thickening is as accuratelj demonstrable os fluid Case \ (Fig 200a!) shows 
marked clironic hj'perplasia of the mucosa in both antra It should be noted 


that whereas at the periphery the ra\ 
the thickened mucosa m th© centre 


< 

’ i 



s are traversing tlie enture thickness of 
thej are traversing the two lajere of 
mucosa on the posterior and anterior 
walls and consequenth one sees s 
central comparative translucenc^ 
if the penetrat on be increased to 
tl e correct degree TJ ere is present 
a thickenmg of the mucosa m both 
antra and at the same time a hori 
zontal lev el m. the left anfrum The 
skull IS tilted (Fig and tl e 

thickened membrane tilts with it 
but the horizontal Ime m the eentre 
of the left antrum remains hori 
zontal and therefore this sinus m 
addition to thickened hnmg mem 
brane contains fluid 

Cyst Case ^ I (Fig 201a) shows 
a different tvpe of ease One sees 



- \cuf r jnfcriion of npl t « 


>ic Of — C) roi cinf’otjonofnchti'plpnojd 
Compare wi(h Fig *0j 
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Case VIII (lig 203) also shows a 
polypus m the right antrum In 
this picture is also seen a dense 
hard line around the penjihery of 
this sinus This is due to chronic 
hyperplasia of the mucosa In 
acute sinusitis one see^ in'.tead 
of this dense hard line a hazj 
ground glass appearance — 
Case IX (Fig 204) — which ^a^Ies 
in opacity according to the dura 
tion of infection It is caused 
by cedema and swelling of the 
Fio 07 0 teoporos s of the walh of tbo mucosa A slight degree of this 

©thmo d cells m ethmoid t s cedematous swelling IS often seen 

follow mg antral la^ nge Case 
X (Fig 203) shows a similar acute or subacute ground glass tjjie of 
opacity in. the right sphenoidal sinus while m Case XI (Fig 2C1G) is seen, the 
clironic fibrotic type of hyperplasia also m the sphenoidal smus 

Bone Changes — A very virulent or longstanding infection of a sinus 
besides producing visible changes m the mucosa may produce changes m the 
bony walls 

Again the hyperxemia produced by smusitis may cause a partnl osteoior 
osis of the bone giving a hary and blurred appearance to the outimes of tlie 
sinus This IS most commonly and 
earliest seen m the ethmoid cells 
where the thin bony partitions dividing 
the cells are attacked from both sides 
as m Case XII (Fig 207) 

Fmally a long standing mfcction 
coupled with ischemia produced by 
fibrotic changes m the periosteum and 
mucosa may produce a sclerosing 
osteiUs. of the sums wall as m Case 
XIII (Fig 208) 

TUMOURS 

Osteoma — These tumours jiresent 
no difficulty in interpretation They 
are ver\ opaque to Xrays are clear 
cut m outlme and are commonly found 
m the frontal smuses and ethmoids 08 —Sclerosing osie us of «8ii of 

(Case XIV Fig 209) left antrum 
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Carcinoma — In the early st'vges 
of malignant disease in the smuses 
carcinomatous mvasion of the 
mucosa is ridiologteallj mdibtinguisli 
able from inflammitorj tinckenmg 
Usually it rapidl\ m\ades the nose 
and the posterior group of ’ainu'«es on 
the same side A marked unilateral 
opacitj mvolvmg the sinuses on one 
side of the no^e uith no correspond 
mg endenee of abriormility on the 
contralateral side maj make one 
suspicious of malignant disease , but 
It IS not until the ivall of the smiis 
his been invaded and the com 
mencement of W deatniction has, 
begun that one can definitely recog 
nise malignant disease of the amuses on the radiogram 

Dental Cyst — The«e cysts not mfieqnentiy force them wai upaiards 
tlirough the floor of the antrum and may attam a large aize m some cases 
nearly filling the sinus In a radiogram they resemble a solitary jiolypus 
except that hanng a Quid content the jilane of their upper margin alters as 
the head is tilted 

Mucocele — The ostium of an ethmoid cell or frontal «imus mat become 
occluded secretion accumulates and the sinua expands with gridiml thinning 
of the nails 
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CHAPTER X 


THE USE OF IODISED OIL IN THE DIAGNOSIS OF NASAL 
SINUS DISEASE 

Forestier and Sicard opened up a new field of radiographic teelmique by 
introducing the radio opaque sulntance lipiodol {a compound of iodine and 
poppy seed oil) for use in examination of certain of the body cavities and in 
the last fcAi \ ears it has been employed w ith a certain amount of success m the 
radiograph\ of the nasal sinuses For this purpose the lipicdol is usuallv 
diluted to Inlf strength uith olive oil or liquid paraffin to render it less dense 
The method has been more u idely applied m America than in this country 
where its use has been subjected to a good deal of criticism Campbell Smyth 
in America sass that he has yet to see contrast media advocated for sinus 
radiographj bj a well known rcentgenologist IF I states that if 

the time speht in preparing the patient and instilluig hpiodol were occupied 
m stud} ing a w ell taken film w ith a radiologist skilled m this field of w ork an 
equal amount of information would be obtained in most cases while A IT 
Proetz wlio introduced the displacement method said that gu en good radio 
grams the necessity for the use of lipiodoI would be reduced to a comparativelv 
small number of special cases 


TECHNIQUE 

There are two methods of introducing the lipiodol 

Method of Direct Filling — In this method the oil is slightl} warmed and 
introduced b\ an ordmarj cannula and sjTmge through the ostium of the 
sinus or b> puncture Preliramarj shrinkage of the mucosa especially if 
hj pertrophied maj be necessary Radiological examination should follow 
as soon as possible after the injection This method is seldom used hut 
occasional!} w here for instance a septate antrum is suspected it ma} be of 
great use 

Method of Indirect Filling Proetz m America has evolved a method called 
the displacement method for introducmg lipiodol and medicinal drugs into the 
posterior group of sinuses 

The method is based on the fact that if a liquid be introduced into a cantr 
so as to submerge entirel} the mouth of another cavit\ opening into it an 1 if 
suction be then applied to the first cavil} and the other openings closed the 
air sucked out of the second cavita is replaced b\ the fluid covering its mouth 
when the suction is released 




Flo 10 Fio '>n 

Oee p to mental and ert co mental xnewa after introduct o of I p odol I y d 'fplacemont 
method 


i«i closed a suction s^Tjnge is ippJied to tbe other and the patient told to sa> 
K quickly and repeatedly so as to close the naso pharynx This suction 
IS applied about six or eight times to each nostril and the patient is then 
\ ray ed in the erect j osture the lateral vertico mental and occipito frontal 
V len s being the most useful (Figs 210 and 21 1) 


THE VALUE OF THE DISPLACEMENT METHOD 
In localising or identifyong an aberrant cell the method may be of great 
Use and if the lipiodol enters a cell it certainly proves that the ostium la p itent 
and one mmt admit that with a uell taken straight racbogram the radiologist 
though able to detect accurateh pathological changes m the mucosa cannot 
say uhctlier or not the ostium is patent Bat imfortunateh tlie converse is 
not true for if the hpiodol docs not enter a sinus it | roi'es notlimg The 
direction of the ostium m relation to the suction stream its size submersion 
and position m relation to the sinus the sire of the smu^ the degree of 
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suction the skill of the operator and the co operation of the patient — all are 
factors to be taken into account and which may make a great difference in the 
filling of the sinuses quite apart from anj question of patliology But even 
considering the non filhng of a sinus m terms of pathology only non fiUmg may 
be due equally to absence of air m the smus (as a result of polyposis or fluid 
exudate) as to blockage of the ostmm and blockage of the ostium cannot 
occur without pathological changes m the sinus radiographically visible bj 
the ordmarj method 

After all blockage of the ostium is not a separate entity but a possible 
sequel to a pathological condition m the smus which is visible in a well taken 
ordmary radiogram but which may easily be concealed m the displacement 
method by the dense superimposed shadow of lipiodol in an adjommg cell 

Agam a deflected septum an hypertrophied tiirbmate or any obstructne 
abnormality whether pathological or developmental will cause poor or com 
plete absence of filling quite apart from any pathological changes in the sinuses 
themselves Purthermore an agger nasi cell or a fronto ethmoidal cell will 
usually be situated above the level of the lipiodol and therefore will not fill 
It IS important to recognise the presence of such cells and though easily demon 
strated by well taken radiograms by the normal method they will usually be 
concealed by the overlapping shadows of the lipiodol filled cells m the displace 
ment method 

It IS obvious from the above that there is a very wide opportumty for error 
m claiming that because a smus does not fill with the hpiodol therefore the 
ostiuith IS blocked In fact if one were to take ten normal individuals who 
as far as can be ascertained have never had any sinus disease it is doubtful 
whether tw o w ould show lipiodol m all the amuses after displacement 

Havmg considered the question of patency or occlusion of the ostium and 
the value of the evidence on these jHiints provided by this method let us next 
consider what it can show us regarding the condition of the mucosa in the 
smus Proetz points out that thickened mucosa is shown as a dark band on 
the negative between the hpiodol and the wall of the smus This is true if 
and only if an unobstructed view can be obtained of tl e sinus concerned 
But if as not infrequently occurs m the ethmoid cells other cells containing 
lipiodol are interposed between the X ray film and the cell concerned one can 
neither see this particulai cell nor its thickened membrane 

Agam tlie amount of lipiodol which can be introduced mto a smus by this 
method is usually very small only just covering the floor and therefore under 
favourable circumstances it is only the condition of the mucosa on the floor 
which can be demonstrated and obvionslv not the condition of the other walls 
of the sinus 

Furthermore a partial septum a tooth root bulging mto the floor of an 
antrum or a misplaced ethmoid cell encroaching on the floor of a frontal or 
sphenoidal sinus may simulate filhng defects in the hpiodol sha lo ' 
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Sloreovei hpiodol espeeiall} ^^hen it has been kept some time and some of 
the iodine dissoL ed m the olive oil ina\ itself cause irritation and a temporary 
thicl ening of the mucosa 

EmaHj as regards eiacuation of the hpiodol bv the cilian action of the 
mucosa it ls claimed that if a smua retams lipiodol after seventy tivo hours 
it IS proof of patliology The imter has frequently seen such retention in 
apparenth normal mdiiiduals with no clinical history of sinusitis and on 
nliom the displacement metliod has been earned out for purposes of expen 
inent It is particularly diflSciilt for a ladiologist to believe that anv part of 
the body runs to a time table The emptying time of the pulmonary aheoli 
after the introduction of hpiodo) is such a veri variable factor that one could 
not base a pathological mference on such evidence and it does not seem 
reasonable to attempt to do so m the sinuses 

U e know that heat and cold and the presence of fluid have an effect on the 
activity or otherwise of the cilia the size and position of the ostia the 
effect of gravity and the amount of hpiodol introduced must also have an 
effect on the emptying time 

Though from the therapeutic standpoint the value of the method may be 
great from the radiodiagnostie point of view save in exceptional cases the 
method is more apt to conceal than reveal Good radiograms well taken and 
well interpreted by an experienced radiologist are very much more accurate 
and reliable than radiograms taken by the displacement method 

Finallv one very important point may have been lost sight of by otqlaryn 
gologists who 2)ractise this inetaod and that is the danger of sjireading uifec 
tion Tlie ostium of tlie antrum is close to its upper extremity and it therefore 
becomes nearly its lowest pouit when the patient is m the exaggerated supine 
position If the sinus contains pus the ostium will be covered by it during 
the time the displacement operation is taking place Some of the pus there- 
fore IS very apt to be withdrawn b\ the suction and introduced into the 
posterior group of sinuses or into the Eustachian tube with the hpiodol The 
method therefore presents dangers of spreading infection as well as of faultv 
\ ray diagnosis 
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suction , the skill of the operator and the co operation of the jmtient — all are 
factors to be taken into account and which maj make a great difference m tlie 
filling of the sinuses, quite apart from an^ question of patliology But ei en 
considering the non fillmg of a sinus in terms of pathology only, non fillmg may 
be due equally to absence of air in the sinus (as a result of polyposis or fluid 
exudate) as to blockage of the ostium , and blockage of the ostium cannot 
occur without pathological changes m the sinus, radiographicaU) -visible bj 
the ordmary method 

After all blockage of the ostium is not a separate entity, but a possible 
sequel to a pathological condition in the sinus, uhich is visible in a uell taken 
ordinary radiogram but uhich may easily be concealed m the displacement 
method by the dense superimposed shadow of lipiodol m an adjommg cell 

Agam, a deflected septum an hypertrophied turbmate, or any obstructive 
abnormality, uhether pathological or derelopmental wdl cause poor or com 
plete absence of filling, quite apart from any pathological changes m the smuses 
themselves Furthermore, an agger nasi cell or a fronto ethmoidal cell will 
usually be situated above the level of the hpiodol, and therefore will not fill 
It IS important to recognise the presence of such cells, and though easily demon 
strated by well taken radiograms by the normal method they mil usually be 
concealed by the overlapping shadous of the Iipiodol filled cells m the duplace 
ment method 

It IS obs lous from the abov e that there is a very u ide opportunity for error 
m cljyjning that because a smus does not fill with the hpiodol, therefore the 
ostium is blocked In fact, if one were to take ten normal individuals, who 
as far as can be ascertained ha\e never had any smus disease it is doubtful 
w hether tw o w ould show hpiodol in all the sinuses after displacement 

Having considered tlie question of patency or occlusion of the ostium and 
the value of the evidence on these points provided by this method let us next 
consider what it can show us regarding the condition of the mucosa m the 
smus Proetz pomts out that thickened mucosa is show n as a dark band on 
the negative between the hpiodol and the wall of the sinus This is true if, 
and only if an unobstructed view can be obtained of the sinus concerned 
But if, as not infrequently occurs in the ethmoid cells other cells containing 
hpiodol are interposed between the X ray film and the cell concerned one can 
neither see this particular cell nor its thickened membrane 

Agam the amount of hpiodol which can be mtroduced into a smus by this 
method is usually very small only just covering the floor, and therefore, under 
favourable circumstances it is only the condition of the mucosa on the floor 
which can be demonstrated, and obviously not the condition of the other wall’ 
of the smus 

Furthermore, a partial septum, a tooth root bulging mto the floor of an 
antrum, or a misplaced ethmoid cell cncroachmg on the floor of a frontal or 
sphenoidal smus may simulate “ filhng defects ” m the hpiodol shadow 
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ANATOMY OF THE TEMPORAL BONE 

For r\diological purposes the temporal bones are conveniently divided into 
three parts, the squamous liortion, the i»etrous bone, and the mastoid process 

The squamous portion forms part of the floor and the lateral uall of the 
middle fossa It is bounded above by the parietal bone, posteriorly by the 
mastoid portion of the bone, anteriorly by the greater ^vlng of the sphenoid, 
and below by the petrous bone 

The outer surface is smooth and convex the inner surface is concave 
and presents depressions for the convolutions of the temporal lobe of the 
iiram and grooves for the branches of the middle meningeal artery It is 
thin and scale like and easts, in the lateral view, a slightly less dense shadow 
on the radiogram than the other bones of the skull 

The zygomatic process projects from the lower part of the outer surface 
of the squamous bone It has two roots, an anterior and a posterior The 
anterior root terminates in the cminentia articulans the posterior root is 
continuous with the temporal ridge 

The glenoid fossa is bounded in front by the eminentia articulans, and 
behind by the tymipanic plate, which separates it from the external auditor} 
meatus It articulates with the mandible 

The petrous bone is pyramidal in sliape and projects forwards and inwards 
at an angle of 45° with the sagittal plane of the skull, forming, with its fellow 
of the opposite side and the posterior border of the body' of the sphenoid, 
the boundary between the posterior and middle fossa? of the skull The 
bone, as its name denotes is dense and hard, forming a strong protect 
ing case to the complicated and delicate organs of hearing and balance con 
tamed therein 

Tlv? iia se of the petiTous jratJb tJtie jjoner swlare of the squamous 

portion and the mastoid process Its apex is wedged in between the sphenoid 
and occipital bontis At the apex is the internal orifice of the carotid canal 
The larotid canal passes outwards and backwards for a short distance and 
then bends vertically downwards to open on the inferior surface of the petrous 
bone The petrous bone has three surfaces, an anterior, a posterior, and 
an inferior 

The anterior surface has an eminence near its centre which marks the 
position of the superior canal of the labynnth In front of, and a little to the 
outer side of this eminence is a depression consisting of a thin layer of bone 
230 
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the tegmen tjTnpani, v. Inch forms the roof of the mjnnujo find the nnstoid 
antrum 

On the posterior surface, near the centre, js the intemarauditor\ meatus. 
It leads into b short canil about one third of an inch m length, winch runs 
outwards and transmits the seventh and eighth cranial nemis 

The inferior surface is rough and irregular, and forms part of the exterior 
of the base of the skull On it appears the external onfice of the carotid canal 



tic JI2 — Xormal mosCoi 1 And |>olrwi» ponioot of the tcinponU bone in tlie po“fpro 
Anterior obJi<iue \ lew T!io tnftfloi I proec^ H of ibe nnntl-rclle I t j-pe A ^^pe^lor j>enii 
iirrular rAnal P Vestibule f* Coehleo I) Fxlernal Kcm circuUr OAnal F ‘'InstOKl 
Antrum F Internal Auditors meatns 

External to this is the jugular fos-sa, wiucli vanes in fcize and depth in different 
skuIU and contains the bulb of the internal jugular vein and, wath the occipital 
bone forms the jugular foramen At the outer limit of the infenor surface i<? 
the stv loid procos-s with the st\Ioma.stoid foramen at its base transmitting 
the seventh nerve and tlie stjlonnstoid arterv 

The external nuditorv meatus extendi, from the tragus to the membrana 
tj-mpam It is al>out an inch in length Its outer half is cartilaginous 
Its inner half osseous The latter, -wliich is tlie onlv part of radiographic 
importance, w directetl inwards ami slightlv forwartls It tapers toward» ib 
inner cnil 
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The Middle Ear — ^The middle ear or t 3 nnpanic cavity ls an irregular air 
filled space which communicates mth the nasopharynx bj the Eustachian 
tube It contains a cliam of tlim movable bones the malleus incus and 
stapes which convej the sound vibrations transmitted from the membrana 
tympani on the outer wall of the cavitj to the internal ear on the inner wall 
The cavity consists of two parts tiie atrium or tympanic cavitj proper and 
the attic abo\e the lei el of the upper part of the membrane Behind 
it communicates with the mastoid antrum and m front with the Eusta 
chian tube 

The roof is formed bj a thm plate of bone the tegmen tympani The floor 
separates the caviti from the jugular fossa 

The Internal Ear — The internal ear or labjTmth consists of two parts 
the osseous and the membranous Iab 3 Tmth the Iat*er being contamed 
within the former The one with which we are solely concerned as radiologists 
IS the former {Fig 212) 

Tub VESTiBUTiE is the central part of the labyrinth and lies behind the 
cochlea and in front of the semicircular canals On its outer wall is the 
fenestra ovalis closed by the annular ligament and the footpiece of the stapes 
Its inner wall is perforated by several minute holes for the passage of the 
filaments of the auditor^ nerve 

The Bow SEjaciRCULAR Canals are situated above and behmd the 
vestibule Eacli describes part of a circle and they open into the vestibule 
by five orifices one of the orifices beuig common to two canals Tht superior 
canal is vertical and is placed transversely to the long axis of the petrous bone 
At one end it opens into the upper part of tlie vestibule At the other end it 
joins the posterior canal to form the pars communis which opens into the inner 
part of the vestibule The poalertor canal also vertical is at right angles to the 
superior canal At one end it opens into the lower part of the vestibule at 
the other it joms as described above the superior canal to form the pars 
communis The external canal is horizontal and is situated at right angles 
to the other two The tw o ends of this canal open into the upper and outer 
part of the v estibule 

The Cochlea resembles in shape the shell of a snail and consists of tw o 
and a half turns arranged m a spiral the bony axis of the spiral bemg termed 
the modiolus The long basal turn has its commencement in the anterior wall 
of the vestibule It forms a projection on the inner wall of the tympanic 
cavity Imown as the promontory Close to the junction of the cochlea and 
vestibule are two openings the fenestra ovalis and the fenestra rotundum 
The foot piece of the stapes fits mto the former The bony capsule of the 
labyrmth differs developmentally irom the surroundmg petrous bone In 
the radiogram it is considerably more dense than the surroundmg bone and 
shows a sharply defined outline 

The Mastoid Process — The pneumatisation of the mastoid process is brought 
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about by the gradual extension — ^mto the surrounding diploic bone of the 
process — of tlje mucosa of t)ie mastoid antrum during the first five years of 
life In the absence of disease during the penod of development the extent of 
the cell formation in the two mastoid processes is s\ mmetncal m 90 per cent 
of all cases, but the extent of pneumatisation m mdiviclual cases vanes 
withm verr mde hinds Only the mastoid antrum nia^ be evcavated, the 
remamder of the process remammg diploic bone The mastoid process in 
some instances ma^ he of dense norj hardness le of the sclerotic tjqie | 
This IS a developmental, not a pathological condition Again, infection of 
tile mucosa durmg the jmeuma 
tisation period may cause a 
unilateral cessation of cell 
formation This also produces 
a ce®;sation of development m 
the size of this process 

In the typical cellular 
mastoid (Fig 213) various 
groups of cells may be recog 
msed penantral cells around 
the mastoid antrum , smo dural 
cells around the sino dural 
angle , margmal cells extenial 
to and behind the sulcus sig 
moideum , and tcrmmal cells 
extending down into the apex 
of the process In some m 2 ] 3 —^o^mot left mastoitl process mth cells 

stances cells also extend foi extending into the c^goma (lateral obhcjue view) 
wards over the temporo 

mandibular jomt and into the root of tlie zygoma Cell formation maj extend 
also upwards into the squamous portion of the temporal bone or inwards 
teaching m some cases the apex of the petrous, bone 

It will be seen therefore tint the location of the mastoid cells is by no 
means a constant factor, hut a -mdel} varjaug one, of nhich the radiologist 
must have a full cognisance He most take radiograms in several positions 
so as to show anj group of ceils which ma\ be present, and their relationship 
to surrounding structures 




CHAPTER XII 


THE LABYRINTH AND PETROUS BONE 
TECHNIQUE OF EXAMINATION 

The badiooeaphv of the labjTinth, or internal ear, is a complicated process, 
because of the smallness of the part and the density and multiplicity of the 
overljTng structures The writer’s original intention, m radiographmg the 
labjTinth in 1927, was to endeavour to demonstrate the bonj changes which 
take place m cases of otosclerosis But the same technique has smce proved 
extremely useful in showmg fractures of the petrous bone, eighth nerve 
tumours, fistulie of the external canal, and other pathological conditions m 
this neighhourhbod The technique ls based on that used bj Steniers m 
his original work on tumours on the auditory nerve The apparatus used 
IS the sameas thatwhich has been descnbed for the radiography of the accessory 
na'sal sinuses As m that technique, the angles used must be exact and not 
" somewhere near ” or “ about ” 

Let it be presumed that a radiogram is required of the right labyTmth 
The stool, w ith the patient sitting on it and facing the Potter Bucky, is dis 
placed to the opposite, or left side The head is then brought over towards 
the right until the head and neck are inclined at an angle of 16® to the long 
axis of the body The head is then firmly grasped in its bitemporal diameter 
by the head clamp, and rotated on its vertical axis through 45°, so as to 
brmg the petrous bone parallel to the film If, however, a film were taken 
m this position, with the central ray horizontally behmd the labyrinth, the 
shadow s of the tympanum, temporo mandibular joint, and labynnth w ould be 
superimposed, and to avoid this the central ray ls tilted upwards through 
an angle of 12° In this position the shadow of the foramen magnum and 
lower part of the occipital crest is thrown across the labyrinth and, to avoid 
this, the patient’s head is so adjusted, that the orbito meatal Ime is mclined 
towards the feet at an angle of 10” with the horizontal A point is then 
taken midway between the nght external auditory meatus and the external 
occipital protuberance, and stereoscopic radiograms are taken on either side 
of this centre point The positions are, of course, reversed for the radiographv 
of the left labyrmth 

The radiograms, even in a normal labyrmth, are at first very difficult to 
read, but after a little practice one knows what to look for and can see every 
part of the canals and cochlea {vide Fig 212) The wTiter has found that the 
best way of gaming an accurate knowledge of the radiographic appearances of 
334 
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the labyrinth is to pin finnly a piece of celluloid over tiie film on a viewing 
desk and to trace the labjTinth with a mapping pen. One nill find that after 
studjing a few dozen labyrinths in this manner the canals and cocldea can be 
seen standing out quite clearly from the surrounding structure. 


OTOSCLEROSIS 

Seventy years ago Toifnhre mentions “ the e.stabli«hment of the existence, 
as a disease, of membranous and osseous ankylosis of the stajics to the fenestra 
ovalis, one of the most common causes of deafness.” During the j'ears which 
have since elapsed a great deal of valuable microscopical research has been 
carried out upon the middle and inner ears of patients who have been the 
victims of otosclerosis, and much useful information ha.s been acquired. 

JIany interesting clinical data have also been obtained and grouped so as 
to construct a f[iir]3* definite picture of tlie disease. Amongst these ma\’ be 
mentioned the hereditary factor ; the onset of the disease, as a rule, in eavl^* 
life ; the greater incidence in the female sex ; tinnitus, fij'^stagnuis, vertigo, 
and iocreaseii bone conduction. The main symptom is gradually increasing 
deafness, which progresses by steps rather than by steady incline. Illness or 
pregnancy usually’ causes exacerbatioiw. But, in spite of increased clinical 
laiowledge of the condition, mucli requires stO! to be done, and it is here that 
radiology roaj* be of some assistance. Practicallj* notiiing is knouTi of the 
tetiology and treatment. Investigations of a long series of cases, ex- 
tending o\'er ten j'ears, at the Central London Tliroat, Nose, and Ear 
Hospital, have established radiologj' ns a useful ancillary method of diagnosis. 
Though it is improbable that the earliest changes around the oval window 
will ever be demonstrated radiograpliically {and therefore negative X-ray 
evidence does not imply the absence of disease), the extent and distribu- 
tion of the disease can be demonstrated in the radiogram when the capsule is 
involved to any extent. The disease is almost always bilateral, but the extent 
of the bony changes, as in spond^ditis, are frequently not proportional to the 
clinical signs and sjTuptoms. The name itself is a misnomer, as both the 
microscopical and X*raj' results show a porosis of the bones. 

Radiological Appearances. — ^As previously explained, the bonj' cajisule of a 
normal labyrinth shows a clear, sharply defined outline, standing out in marked 
contrast to the surrounding less dense petrous bone. In otosclerosis the first 
radiographic changes seen are rarefaction and consequent lack of definition 
of the basal turns of tlie cochlea. At a later stage all the tarns of the cochlea 
ma\’ become affected. At the same time the bonj* capsule of the semicircular 
canals loses its .sharp outline and becomes porous, swollen, and fil-defined, 
its margins tending to merge into the shadow of the surroxmding petrous bone. 
In some cases there is a plaque of bone overlying the shadow of the modiolus. 
The author does not know the pathological significance of these abnormal 
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bony shadows in the cochlea but he has seen them in a few cases of otosclerosis 
and never in anj other condition 

On lookmg at a radiogram of verj advanced otosclerosis one gathers 
at first the impression tliat the hazy blurred appearance of the labjTinth 
IS due to faulty radiographic teclimque but on studying the detail of the 
surrounding petrous bone one sees that this is not so as the lack of definition 
IS solely confined to the labyrintli and is due to changes in the capsule In 
such a case there is usually in addition to the usual porosis of the basal 
cochlea veil marked porosis of the capsule of the posterior labyrinth Tlie 
bone surrounding the superior canal may be less dense than normal de 
creasmg gradually in density towards its iienpherj and gradually mergmg into 
the shadow of the surrounding petrous bone w itli no sharp line of definition 
betu een The capsule of the cochlea also has a very blurred and hazy appear 
ance The autl or has seen these changes only m very advanced cases 
of otosclerosis 

Though the radiology of the petrous bone — so far os otosclerosis is con 
cemed — is admittedly still in its experimental stages it is hoped that tilth 
continued research work and close cooperation it uil) assist materially in 

throumg hght on one of 
the most abstruse difficult 
and disabling cond tions 
with which the auristhasto 
deal 

TUMOURS OF THE 
PETROUS BONE 
Tumour of the Eighth 
Nerve — ^This is a neuro 
fibroma the site of which 
is usually m the internal 
auditory meatus When it 
attams a sufficient size it 
produces a smooth sym 
metrical erosion of the 
Fjo 214 — Sarcoma of the porous beme bone 

Sarcoma — These mav 

produce erosion of the bone or if osteogenic new bone formation in 
addition to erosion Eig 214 is of an osteosarcoma arising from the upper 
border of the petrous bone 

FRACTURES OF THE PETROUS BONE 

Basal fractures involving the petrous bon^ are sometimes not demonstrable 
in the ordinary projections The technique described usually reveals them 
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THE ’\tASTOro PROCESS 
ACUTE MASTOIDITIS 

Etiology — Acute mastoiditis is a sequel to infection in the mvcl He ear \cute 
suppuration of the middle ear is most common in children espetnll^ those 
v-ho are poorly nourished and lack sufficient fresii air and sunlight 

The most common path of infection is from the nasopharynv through the 
Eustachian tube the commonest cause probablj being infected adenoids 
The immediate predisposing causes are most frequently the common cold 
influenza and the specific fevers Infection mav also take place through 
mfected water m public baths penetrating into the Eustachian tube Less 
common causes are injuries to the membrana tjnipani either through the 
introduction of or unskilled extraction of foreign bodies Infective conditions 
of the external ear such as furunculosis and fractures mvolvuig the mastoid 
process maj also in occasional eases be the predisposing fictor 

The contmnitv of the mucous membrane of the nasopharynx Eustachian 
tube middle ear and mastoid antrum facilitates the spread of infection the 
opposing physical forces being the cdiaty action of the mucosa lining the 
Eustachian tube and the closure of the tube by congestion 

Pathology — In the early stages of a nuddle ear infection tlie Eustachian 
lube becomes blocked owing to congestion and swelling of its mucosa the 
air in the middle car Incomes absorbed and owuig to negative pressure the 
tympanic membrane becomes retracted this stage the ear ma> return 
to normal with no infection of the mastoid process bat if the disease pro 
grosses the mucous membrane of tho tympanum becomes involved mucus is 
jKJured out and the drum commences to bulge outwards In the third stage 
the mucous exudate becomes purulent and increases m quantity the tvTUjiamc 
membrane becomes inflamed and the bulge becomes more pronounced The 
mfiammation spreads to the attic and from there to the mastoid antrum At 
this stage with a cellular mastoid and gootl radiograms tiie first \ rav evi 
denco of mastoid involvement is the api>eannce of a ha/^ halo round the 
jveripherv of the antrum Usuallj however this cannot bo j-een in a diploic 
or sclerotic type of mastoid 

Einally tlie drum ruptures or a paracentesis is performed and the pus 
osca{)cs Hmiiage through the nipture and down the Eustachian tube mav 
lead to complete resolution but if the infection has been virulent the swollen 
mucosa in the attic and mastoid antnim mav retain the pu'. and suppuration 
n 
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%m\ 1 then continue m the niastoid process In the more \’iruient infections 
there may he necrosis of the bony Tvalls of the middle ear and mastoid and the 
ossicles may be destroyed 

The occurrence of an acute mastoiditis as a sequel to otitis media depends 
to a large extent on the anatomical type of mastoid process present The 
omy)licated network of cavities m a cellular mastoid is more prone to the 
spread of infection and lerj much more difficult to dram through a para 
centesis opening and therefore an acute mastoiditis is much more likely to 
occur in such a mastoid tlian in one of the diploic or sclerotic tjpe But 
against this the cortex is thinner and the signs of acute inflammation appear 
earlier both clmically and radiographically in a cellular mastoid 

In an acellular mastoid particularly one of the sclerotic type the mastoid 
antrum has a thick laj er of bone between it and the surface and only a thin 
lajer the tegmen antri between it and the meninges In such a mastoid both 
the clmical and radiological signs are slight and appear later than in a cellu 
lar mastoid 

Therefore an acute mastoiditis is more likely to occur but is much easier 
to detect m its early stages m a cellular mastoid than m an acellular mastoid 
but dangerous complications are more prone to develop m the acellular t^pe 


CHRONIC MASTOIDITIS 

Chrome suppuratue otitis media which is the outward and visible sign of 
chronic mastoiditis maj be due to other conditions such as chronic sepsis m 
the nasophajynx nose_, or throat m the tympanum or in the attic or m all 
these structures but ^with the exception of the sinu.'ses the only cause mth 
which we are concerned radtoiogicall> is the mastoid process 

In this condition there is continuous middle ear discharge for Tarjnng 
penodiy At intervals there is a lessenmg or complete disappearance of the 
discharce accompanied by pam and tenderness over the mastoid and arise of 
temperaPure This is due either to exacerbation of the inflammation or 
blockage'Of the aditus After a few dajs the discharge maj recommence and 
the pain and temperature di<*ap] ear 

As, owe would ©••Lpeet \ taj exavnuiation ehowE. the mastoid to be cellular 
in the majority of eucli cWs 

, THE POST OPERATIVE MASTOID 

In order that the Radiologist shall understand the post operative appear 
ances of the mastoid processes it is necessary for him to possess a knowledge 
of the mam features of the cortical and radical mastoid operation 

Cortical Mastoidectomy — ^This is the operation of choice m cases of acute 
mastoiditis where there is persistent pyrexia discharge pam m the ear and 
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tenderness over the mastoid process. It is essentially an operation to dram 
the middle ear through the aditns without disturbmg the middle ear It is 
therefore used m those cases where the ossicles are unaffected and hearmg is 
not jiernnnentli unpaired It consists in removing the corte\ covering the 
lateral aspect of the process opening all infected cells and drammg the mastoid 
antrum and the middle ear through the aditus ad antrum 

Radical Mastoidectomy — This operation is performed when there i<?^ 
well marked and permanent loss of hearing and when continuance of the dis 
charge and other symptoms renders it nccessarv to eradicate the infected 
tissues or when there are sTmptoms of intracranial oi lab^Tinthine 
comphcations 

Prior to the operation any septic focus in the nose or throat is removed 
The operation consists essentially m throwang the middle ear aditus and 
mastoid antrum into one smootli cavitj the remains of the ossicles membrane 
and diseased mucosa being removed and the cavitj drained through the 
external auditory meatus 

SCOPE OF X RAY EXAMINATION OF THE MASTOID PROCESS 

A brief consideration of the anatomical variations of and the patholog} of 
the mastoid process indicates the scope of the mformation which is required 
of the radiologist b^ his surgical colleague The required mformation maj be 
summarised under two mam Iieading<» as foUoir^ 

Anatomical Information 

(0) Are ihe processes cellular or acellular 7 

(1) If cellular uhat ts the cUslrtbnUon of the cells F Vo thej evtend beyond 
the recognised normal limits t Is the cortex thick or thm 1 (Pig 215 ) 

(c) If Ihe processes are acellular are they diploic or sclerotic^ Tins latter 



(n) 

Fia "15 — ^l»ormal mastoid processes seen m tic pft.tcro antcr or obbliue % ew |a) Lane 
celled type witl their cortex and xygomsiic ceUs (5) i!ixed-«U type riith th ck cortex*^ 
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type 18 said to be a developmental and not a pathological type as one might 
infer from its name 

(d) Art the processes symmdrtcal^ Developmental asjTnmetrj is r-ire 
but asjTnmetrj may be the result of disease in early life interfering mth the 
extension of the antral mucosa into the surrounding bone and therebj pre 
^entmg pneumatisation of the process Such a mastoid process maj be 
recognised by the fact that besides beuig poorly pneumatised it u lU be smaller 
than its felloM of the opposite side 

Pathological Information 

At first bight this subdivision uould appear to be of much greater impor 
tance than the former but this is far from being the case The type of 
mastoid present and the distribution of the celb are of paramount importance 
to the surgeon not only from the operative point of view but from 
the pomt of view from which be evaluates the patient s symptoms and the 
radiologist uho wishes to give a useful opinion on the X ray findmgs cannot 
paj too much attention to the influence of anatomical typo on the pathology 
and possible complications of mastoiditis The onl} method short of operation 
by uhich the surgeon can tell whether a mastoid is pneumatised or not is b} 
X rays and the difficulties of diagnosis both clinical and radiological are very 
much mcreased m a diploic or sclerotic mastoid 

A sharp distinction should be made between the cellular and acellular 
mastoid when considermg the scope and accuracy of X ra} diagnosis ir 
mastoiditis To use a nautical simile the radiogram of a cellular mastoid may 
be likened to a clear night at sea when the look out man in a ship s bows 
can give accurate and reliable information to the bridge 

On the other hand a diploic mastoid to the radiologist is like a heavy 
mist with three hundred jards visibility and a sclerotic mastoid a thick fog 
when the navigating oSicer can scarcely see the stem head There is how ever 
one important diffeience in this simile for whereas in thick weather at sea 
vessels proceed at reduced speed the surgeon when mformed by tlie radiologist 
that he IS dealing ^vith an acellular mastoid goes full steam ahead He docs 
not w ait for any furtlier information from the radiologist and realising the 
much greater danger of grave complications operates at an earlier stage and 
on fewer signs and symptoms than he would m a cellular mastoid The 
occurrence of an acute mastoiditis as a sequel to otitis media dejiends to a large 
extent on the anatomical tjpe of mastoid present Thus the complicated and 
communicating network of cavities m a cellular mastoid is more prone to the 
spread of infection and verj much more difficult to dram through a paracen 
tesis opening Therefore an acute mastoiditis is much more likelj to occur 
m such a mastoid than m one of the diploic or sclerotic type But against 
this the cortex is thmner and the signs of acute inflammation appear earlier 
both clinically and radiographically m a ceDuIar mastoid In an acellular 
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iitastoid^ however, the mastoid antrum has a thick laj er of bone between it and 
the surface, and only a very thm layer of bone, the tegmen nntn, separates it 
from the meninges Because of this, dangerous comphcntjons are very much 
more likely to occur, owing to the infection taking the path of least resistance 
In the earl} stages of such a case, when the clinical signs are doubtful, the 
report of the radiologist that the mastoid is acelhihr mil immediate!} rereal 
to tile surgeon the rea'ion for the doubtful signs, and is all he wants to know 
In such a ease, where, ovnng to the densit} of the overlymg hone, the mastoid 
antrum ina} not be vnsihle, the ndiologiat, when asked about evidence of 
infection, should point to the bon} “ fog ” and sa} , ‘ I do not know,” and he 
might add wnth emphasis, I do not want to know,” because generally the 
first sign of infection he will see in such a process is bone destruction, and b} 
that time the patient’s hfe mil be m imminent danger 


TECHNIQUE OF EXAMINATION 

The writer takes five mcliograius altogether which give tiiree separate 
ind distinct views of the mastoid process, each of them a nece«sar} one It 
convenient to use a vertical smus stand, vnth Buck} gnd, and, as m sinus 
radiograph}, the angles u«ed must be exact and not "somewhere near,’ 
or about" The five views are seen m Fig 210 

(J 2) The Postero^antenor Oblique Position — The head is grasped in 
the clamp and rotated through 45* Tins brings the petrous bone parallel to 
the film and throws the mastoid process clear of overlapping shadows The 
tube IS centred over the process Tins view shows (n) whether the process 
is cellular or not and (b) the thickness of the cortex and the extent to which 
the cells spread inwards into the petrous bone 

(3 4) The Lateral Oblique Position — The head is in the lateral plane, and 

the tube IS tilted downwards 30* and centred on the external meatus nearest 
the film Tins view gives a J)0* lanation of the penpectixe angle from the 
previous one, and shows the distribution of the cells in the antero posterior 
plane It demonstrates the relationship of the cells to the knee of the lateral 
<5inus, and whetlier thev extend upwards into the squamous or forwards into 
the z}goma It shows the thickness of tho tegmen and whether any tegmen 
cells are pre&ent 

(5) The 30* Fronto-ocapital View —This ls bometimes a very useful view 
It not on]} shows Ijotli petrous bones and an} cell extension into them, but it 
giv es w liat amounts to an axial, or end on new of the two mastoid processes on 
the same film The utiht} of tins is that m the earlj stages of infection onl} 
aver} slight haz} lack of translucency of the cells is seen in the other views and 
is ver} much increased m this new, owing to tlie fact that the projection 
through the whole length of the cells js much greater than a transverse section 


xnnr — 10 




tlQ 216 — A case of early acute right mastoiditis iiulicatuig tlie \al ic ol tlie three mp« 8 I» 
the postero anterior oblique ^^ew only slight eloudmesH is seen in the right ma toid (top pair) 
Jn the lateral oblique Mew (middle pair) the right mastoid air fells are also clou h m ap- 
pearance, hut in the fronto occipital >iew (bottom) this change i» much more marked 
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,,RAD10L0GICAL INTERPRETATION . \ 

Acute Mastoiditis in a' Cellular Mastoid. — In the great majority of .cases of 
acute otitis media there is to b’c seen in the radiograms S 9 me.lact' of definition 
of the mastoid antrum, due to cedema of the mucosa (Fig. 216). If the condition 
progresses and the infection of t}ie mastoid process spreads, the j>erjantral cells 
and, later, -tiie other cells of the process become ha 2 y in outline and more 
opaqueiban their fellows of -the opposite side, and finally the cell walls become 
invisible. “In cases of bilateral infection or developmental asjTnmetiy, the 
radiologist-must rely on the lack of definition of the cell outlines and his ex- 
jierience of the normal translucence of the mastoid cells. 

The distribution of the mastoid cells should be carefully noted and es- 
pedally the relationship of-any cells to the .lateral sinus, the tegmen antri. or 
the zygomatic process. 



(<»J . (t-i ' ■ <e) 


Fin. 2IT. — A case of left msstoiditU. (a) KottimI right in^ntoul.' (A) Acuto inantoiditis in S 
cellular luastuid. Xote blurring of (tie squaraout cel(<. (r) Ttie Mime, eiv'moiitiH later, noir 
.^bowing a isclerosing otsteiCB. 

Attention should be drauiilo any cells ni^inlto^he labyciuthor extending 
upwards iiUo the squamous portion of the temi>oral bone.'' These cells, if 
infected, have to be carefully’ searcti^ for. Infected' squamous cells often 
show little difference in radiogrdpluc density from the surroimding bone, only 
a slight localised blurring of the bone structure being discernible. It is 
ob^dously of the greatest importance that the surgeon should know of the 
presence of such cells. The use of a jwwerful magni^dng glass together with 
comparison with the coll distribution on the opjiosite side will usually reveal 
their presence. Infected cells bordering on and posterior to the lateral sinus 
should be noted, and in tlu's connectfoa stereoscopic views will often be 
found useful. 
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Chronic Mastoiditis m a Cellular Mastoid — Chronic suppurative otitis 
media m ith a constant or intermittent discharge from the middle ear is a 
common disease usually commenang in childhood The name is misleading 
as it tends to focus attention on th“ middle ear vnth a consequent tendenci to 
local treatment rvhereas the real site of the infection lrequentl\ 1 es at a 
distance from the middle ear A persistent infection anyivhere from the naso 
pharjTix to the mastoid air cells maj he responsible for a middle-ear 
discharge Where tl e condition is the result of a chronic mastoid infection a 
radiogram of the affected process will show it to be opaque (Figs 217 -18) 
The cell walls will be seen lo be \eTy blurred and mdistmet or will have 
disappeared altogether In such cases the phrase breaking down of the cell 



(u) ( 

to "IS — (o) Nonnal r i.ht Tna>>tv 1 p »cei. (t) Left ina to d proce s of Ihe f«in patent 
ho uig a chron c hclerOK ng niasto d t of ten ^ ears durat on 

walls IS fr»quentlj u«ed somewhat locsely and inaccurately On tie one 
hand the cell walls may actually be eroded but on the other long continued 
infection and consequent hy^penemia will cause osteoporosis and therefore 
transparency of the cell wall® and there ire no radiological means of dis 
tinguishing betw een the two cond tions It is better therefore to describe thu 
appearance by saymg that the cell outlines are invisible (Fij,s ‘’18and‘’I0) 
Mastoiditis in an Acellular ^lastoid — ^The difficulties of chagnosis are greatir 
increased from both the clinical and radiological pomts of new In a dipio e 
masto d process some cloudiness of the mastoid antrum ma\ be seen and there 
may also be present a few periantral cells which show changes In a sclerot c 
mastoid hoi ever the mastoid antrum will probably be concealed by the den'C 
overlying bone 
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Speaking generally, in a case cf acute mastoiditis in an acellular mastoid 
process, the radiologist has served his purpose in the ease when he has informed 
the surgeon that the mastoid is acellular. At the same time he should be careful 
to make quite clear the fact that, because there is no radiographic evidence of 
infection of the process, this by no means indicates that disease is not present. 
In a sclerotic mastoid and frequently in a diploic mastoid no X-ray signs 
whatever are present until actual bone destruction commences, and by that 
time very serious complications may have arisen. 

In such case.s the clinical signs are often slight, but the risk of 
serious complications is ver3' much greater than in a cellular mastoid. 


Fxo. 219— ca»o of chroiDc left mastoidilis. (o) Koran] j-jglit side, (t) The cell 
outlines :n the teR mastoid are completely tn^isihle. 

The radiologist's report, however, that the process is acellular will give the 
suigeon the necessary clue to the paucity of clinical signs, and he will 
operate on considerably less evidence tlmn he would in the case of a cellular 
mastoid. Early operation is essential in such cases, as the mortality' of oD 
intracranial complications ol acute mastoiditis is high. 

The important radiological point in such a case, therefoi-e, is that the 
mastoid proce«-s is acellular ; and the absence of X-ray evidence of disease 
should be ignored, if it in any way conflicts with the clinical suspicions. ' 


COMPLICATIONS OF MASTOIDITIS 
Cholesteatoma. — This is a clironic condition in which the middle ear, 
mastoid antrum, and mastoid process contain packed masses of flaky epithelial 
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(«) it' 

I'lG JJU — Cholenteatoma of the left mastoid (a) Lateral oblique vie\% (6) Po^tero 
antenor oblique \iew 

detns ^vhicli may gron to a large size It is often accompanied by great 
destruction of bone , the dura mater mav be exposed with the formation of an 
extradural absce«s , or the inner tjmpanic nail mar be eroded mth exposure 
of the membranous labvTiuth The X ray appearances arc those of a smooth 
walled relatneh translucent cavity in the mastoid process, usually with a 
sharply defined margin ^Figs and 221) 

Intracranial Complications —There is no direct X rav evidence of the*^ 
complications In some cases one ma^ see infected tegmen cells and evidence 
of mfection of the bone of the tegmen Occasional!} one may see actual 
perforation of the tegmen 



pio nj — Two ca?e^ of chole«tcat<ania of tbo masto d process (postero-antenor 
oUiqne view] 
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Fistula — lien m chronic suppuration of the raidtUe e ir mfection mvades 
the uiternil c ir the spread is iisinlh tlirough the nj»cv of tlie c\tennl canal on 
the inner wall of the aditus Occa«»ioniU\ this breich m the capsule of the 
external emal can be seen m the radiograms 

Zygomatic Mastoiditis — ^TIik condition as its name denote*, may be met 
with where the mastoid is infected and imcumitisition has extended forward 
into the root of the rvgomn In raie cases these infected cells may rupture 
into and destroy the teinporo mandibnlnr joint 

Apical Petrositis — Octnsionallv uelJ marlied tell lorniation mas be seen in 
the petrous bone mesial to the labyrinth the elinm of cells sometimes extend 
mg e\ en to the tiji 'W here siith cells liecomc infected the "S. nv apjiearances 
are sinular to those seen m the cells 
normally situated in the mastoid 
process But in cisea where the 
cells are small and few all that may 
bo discernible m the rxdiognm la a 
i-erj faint blurring of tlie bony 
stnicture oi agam there may 
l>c no ^^slhIe \ raN chance what 
iser 

THE POST-OPERATIVE 
MASTOID 

Wlien the discharge persists for 
longer than the usual time aftei i 
mnstoideetoiin and no cau>e can 
be found for this persistence in the 
nasopharynx or elsculiere an 
V ray exammation may be required 
< f the mastoul process A very 
careful search should be made m 
such a case for infected unojiened 
cells The cells most easily 
missed at operation arc those 
situated m the squamous portion of the temporal bone m ti e tc^meu antn 
along the posterior nieatal u all backnardsoverlholateral simis and forward*- 
m the root of the zygoma (Fig 222) Stereoscopic views m all planes are often 
nece'j'jan in Mich cases and ftequestr* «iho«ld be carefully looked for 
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CHAPTER XIV 
NORMAL BONES AND JOINTS 
GENERAL 

\ KNOWLEDGE of the normal nxdiojnphic appearances of the bones and 
joints IS essential to necunte ndiogrnphic interpretation Equally 
important la a knowledge of anatomical variations, and alterations m the 
ridiograpluc appearance due to variation m the position m \Uiicli the part 
IS radiographed Certain standard positions hare been genenJlr accepted 
as being the most suitable in m Inch to demonstrate the a arious bones and joints, 
-ind the^ will be mdicated m their appropnate sections Tor routine work it 
IS important that a set of standard positions be adopted Laritj in this leads 
to doubt m interpretation, and in some ca^es, such as tint of the elbow joint, 
to appearances so ini'*leadmg as to provoke mis diagnosis 

There are certain furthei elementan rules in routine evamination of bones 
and joints which require emphasis 

(1) At least two views of the part under examination '*houId alwajs be 
obtained if po^ible Tlie«e should be at nght angles to each other Purther 
news are frequentl y necessary Failure to observe t his rule gives ri«e to serious 
risk of missmg, say, n fissure or fracture without displacement 

(2) Stereoscopy forms a useful alternative m ca'=es where two right angled 
views are not possible /eg lup joint), and frequentlv it is advisable to use 
stereoscopy m addition to viewB in two planes, or to take both news stereo- 
ccopically 

(3) The bone or joint on the other side slionid always 1« examined in 
addition to the one in question, for compan^n 
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(4) Fluoroscopy should pKy no part m the examination of bones or joints 
except in the case of setting or manipulating fractures and then only m very 
exceptional cases 

THE BONES AND JOINTS IN A.DULTS 

The structure of these should be clearly seen in a radiogram of good quahtv 

In the Shaft the cortex the undcrlymg cancellous bone the medullaiy 
c mil and the nutrient foramen are visible The normal periosteum is not 

The cortex presents a imiforra opacity with a regular subperiosteal 
matgm (except where mtisciUar and tendinous insertions produce irregu 
hnty) and a less defined but easily visible internal limit where it blends 
with the underlyng cancellous tissue The coitex is thickest m the middle 
zone of the shaft and diminishes evenly in thicl ness towards the ends of the 
shaft where it becomes continuous with the delicate cortex of the ends of 
the bone 

The cancellous bone forms a comparatively thin layer m tlie shaft enclosing 
the medullary canal Its mesh like trabeculation can bo seen through the 
cortical shadow 

The medullary canal is often mvisible and w hen seen shows only as a 
jioorly defined zone of increased transbiccncy running along the centre of the 
shaft 

The nutrient foiamen is not always seen but wheie visible it appears as a 
fine canal ruiuiing through the cortex into the medulla As it runs inwards 
it IB directed obliquely away from the growing end of the bone It mai 
simulate a cortical crack 

In the Ends of the Long Bones the cortex diminishes m thickness 
when followed from the shaft to an extremely thin shell of compact bone 
covering an expanded mass of cancellous bone It is thickest under the articulai 
cartilage at that portion m other words where it receives a more localised and 
so increased stress from the bones Avith which it articulates This rather 
thicker subcartilagmous portion is notewortliy for its smooth regular contour 
The extra artici lar portion'* on the other hand tend to show mild irregular tv 
of contour at the sites of ligamentous attachment In this portion of the bone 
its strength as a a\ eight and stress bearing structure depends on its cancellous 
bone In place of the delicate uiegular cancellous bone reticulum seen ui 
the shaft there is present a specialised regular architecture so arranged as to 
recene and withstand the stresses to which it is subjected This structure 
particularly marked in the neck of the femur can be seen m some degree in the 
ends of any of tlie aa eight bearing long bones 

The Joints — The articular cartilages are normally undifferentiated from the 
soft tissues generally m a radiogram as are the inter articular fibre cartilages 
Avliere present The thickness of the former is mdicated by the AAudth of the 
joint space the space separating the ends of the subcartilaginous cortices m a 
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joint This joint space vanes according to the size of the joint being ivider 
m tlio larger joints Its mdtli is fairly constant m the same joint in different 
radividuaU w ith increasing age the joint space tends to become narrower 
\n erosion of the articular cartilages from disease is seen m a radiogram as a 
narrowing of the joint space 

The normal s^novlaI membrane is mvisible m a radiogram Its outline 
becomes apparent in tome joints when the joint cantj is distended with 
effusion, blood or pus The capsular ligament is likewise mdetectable, with 
the exception of the hgamentum patcHai m the knee joint 

Epiphyseal Scar — ^The site of tlie epiphyseal cartilaguious plate 13 frequentU 
Msible tliroughout life, in the form of the “epiphyseal scar ’ a thmdense tnns 
verse line across the Ixine at the junction of shaft and evtremitr In addition 
to tins epiphj seal scar, one or more similar lines ore sometimes seen at varying 
distances up the dnphjftis Tliese lines of arrested groirth were 
described m relation to rickets and have been held bj many authorities to 
represent zones of bone deposition in the healing stage of rickets SluUiple 
zones were accounted for b\ remissions m activity Numerous workers noted 
that intermittent administration of phosphorus lead, arsenic and other 
poi‘«oiis produced those lines Hams has questioned the accuracy of the 
“Ime test” as a sign of neaiir»g or healed rickets and has shoivn that 
such lines dcielop after any acute illness particularly pulmonan affections 
k full bibUograpliN is gi\en m bis paper He accounts for the phoaphonis 
and amcnic hues as being the result of their toxic effects Tlie subject is dis 
cussed fnrtlicr under the section on Lead Poisoning 

Compact Islands — Tliese arc small round or oval dense nodules of bont 
which are otcasionalh soon in the cancellous tissue Thev are usually 2-4 mm 
m diameter, situated at the intersection of large trabecul® and are most 
common in the wnst and foot Their cause is unknown and their significance 
ml Tliey may be multiple and then constitute the condition known a-i 
osteoiKiikilin condensans disscmmata 

THE BO^ES AND JOINTS IN CHILDREN 

In children, the striking feature m the long bones is the differentiation into 
diapln *115 and epiphysis 

The Diaphysis or shaft shows m xcry young cluldren a relative thinness of 
the cortex In older children this disproportion dimmidies, gradually until 
tlie adult ratio ls reached In most of the long bones the nietajihysis js 
rcmarkahli broad relatively to the middle of the dinphysis, particularly at the 
growing end The end of the metaphvsis is normally convex, and in the earlv 
stages roughly nodular m contour The epiphy'^al plate cannot bo seen 
The Ossific Nucleus of the Epiphysis appears first ns one or more tina 
granular opacities Thesorapidly fuse and enlarge mto a round or oval mass of 
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cancellous bone •whjch normally presents an irregular nodular contour similar 
to that seen m the end of the metaphy^s As ossification develops farther 
this nodular contour disappears and the epiph3sis assumes adult contours 
A recognition of tl ese normal irregularities is of importance to distinguish 
them from pathological lesions 

As the epiphjses forming the jomt are to a degree vamng mth the age 
cartilaginous the jomt apace seen m the radiogram is mde Its width is 
greatest in mfants. and diminislics progressively with epiph\seal o&sification 
This wide spacmg of the visible bony landmarks makes it a matter of some 
difficulty at times to be certam of the presence of dislocation and epiphyseal 
separations and in this respect radiograms taken m standard positions are 
essential The most pronounced instance of this is m the elboi\ jomt ahere 
an oblique lateral view gives an appearance cJoselv simulating a separation of 
tl e capitellar epiphysis of the hurrenis 

The Joint Capsule cannot be differentiated from the underlj mg cartOaginous 
epiphysis but is usuallj seen d fferentiated from tl e overlying muscles and 
fatt\ subcutaneous tissues in children of 2 or 3 years 

The Accessory Epiphyses frequently begin to ossify by multiple ossific 
centres Normallj tl ese fu«e to form a plaque of bone ssbo e deep surfacem 
many epiphyses becomes markedly notched or cogged this surface engaging 
reciprocally mtli a similar notched surface on the metapb\sis The space 
between represents the active ossifying cartilage 

Times of Ossification of the Long Bones — There is great difference of 
opmion between different inthonties about the times of appearance and fusion 
of the epiphsses of the long bones 

In the succeeding pages the figures given represent an average struck 
between the data given bv the following authors Gray Jfoms Sevdder 
Poland CoJen Cunningham Fra^r Paterson Spalleholz Piersol Q lain 
Buchanan Poberts and Kelly and Askursl 

Palersan m his radiological survey found that ossification was as a rule 
earlier m females (up to six months in appearance and five years m fusion of 
ossific nucleus) He al^o found that the dates of fusion m his senes were one 
to three years earUer than, the peneraUy accepted times 
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NORMAL BONES AND .TOIKTS OP TFIE UPPER EKTRCWn' 
THE HAND AND AVRIST 

Standard Positions. — ^Tiic two principal standard positions for the hand and 
wn«t are the dorso palmar and lateral Tlie former view may be taken mtli 
the hand in radial or ulnar deviation, or m the midway jKisition To 
obtam a true l.itend Mew of the thumb, the liypothennr emmence should 
raised from the film bj a pad a palnio dorsal view may be obtained by 
pronatiiig the forearm fuU\ and placmg tiie dorsum of the thumb on the film 

THE PHALANGES 

Ungual Phalanges.—Tlie tip of the ungual phalanges appears m a dorso 
pilnnr view ns an expanded heart-shaped extreuutj with a rough margin 
ilio lateral view shows thi'i to be on the palmar asjiect of the phalanges, and it 
••hows considerable variations ui its outline Tho shift tapers from biie to tip 

The basal articular surface shows a double coneavitv separated bj a flight 
fliU-'-o-palmar median ridge 

>Iid -phalanges. — The head k, b‘coiidt)ar with a median dorso palmar 
■rroove The articular lurface of the condjies extends farther on the palmar 
-iirface than the dorsal Tlie shaft broadens, os it merges with the base, and 
-hows a gentle concavitj on its palmar surface In the dorso-palmar view 
«e'eral tiny nodules are at times *5660 laterally Tliese have been wrongly 
described as inihcative of gout and rbeiimatoul nrtlintis. They represent the 
roughened Ime of attachment of the digital tendon sheath and are present 
chiefly in subjects of strong muscular and bony development 

Tlie articular surface of the base is luconeave, separated by a slight 
median ridge 

Proximal Phalanges. — ^'Iliese show an appearance similar to that of the mid- 
phalanges, except tliat they are larger, them bases less regular, and tlieir basal 
articular surfaces c-oncaae instead of biconcavu. 

Phalanges of the Thumb. — Tlie^e present an appearance similar to the 
terminal and jiroMinal phalanges of the fingers, except that they are thicker 
and more heiady fomied 

THE METACARPUS 

v 

The Head of each Metacarpal Bonejs rounded, the articular surface covering 
it Wuig caiTied forwards onto two fialmar condylar extensions. The neck and 
253 
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shaft form a palmar concavitj which is overhung by the condyles of the head 
This relationship is of importance m the treatment of fractures of the meti 
carpal shaft 

The 5th metacarpal shaft has a palrao radial concavity 

The Bases of the Metacatpals h%ve individual characteristics when viewed 
in a dorso palmar radiogram 

That of the ls« is saddle shaped articulatmg inth the similar surface of the 
trapezium It is often seen to overhang the trapezium m such a way as to 
simulate a subluxation 

The base of the 2nd is large and presents a promment ndge on its ulnar side 
It articulates with the trapezium trapezoid oa magnum and 3rd metacarpal 

The feature of the base of the 3rd metacarpal anatoxmcally is its spine In 
a dorso palmar radiogram its shadow overlaps the ridge of the 2nd while m 
the lateral view it may be seen on the dorsal surface articulating with 
the os magnum 

The base oftl e 4<Ais small and rounded and articulates with the unciforni 
bone and the 3rd and 5th metacarpals 

The base of the 5lh bears facets for articulation with the unciform and 4/A 
metacarpal and frequently projects beyond the unciform in a manner similar 
to the Isi metacarpal 


THE CARPUS 

The Trapezium and Trapezoid (os muttanguliim majiis and mmus) arc 
irregularly cuboidal and their shadows overlap in an antero posterior vieir i 
feature which may simulate a fissure A semi lateral Mew of the hand witl 
the dorsum of the thumb on the film shows the former to best advantage 

The Os Magnum (os capitatum) is best seen m the dorso palmar view It 
articulates with seven bones the 2nd 3rd and 4th metacarpals trapezoid 
scaphoid semilimar and unciform Occasionally there is present on if« 
lateral (radial) surface a small concavity which marks the site of the 
os centrals 

The Unciform (os hamatuin) is triangular m shape the base towards the 
metacarpus The hamular process which projects m a palmar direction i» 
seen m the dorso palmar view as a prominent oval ring The unciform 
articulates with the 4th and oth metacarpals the os magnum sf d 
the cuneiform 

The Scaphoid (os navieulare) — ^In the standard dorso palmar view the 
scaphoid IS seen foreshortened oivuig to the obliquity of its long axis Tlus 
obliquity IS increased on radial deviation of the hand and dimmished by ulnar 
deviation The latter position is therefore that of choice to demonstrate this 
bone In the lateral view its outlme is well seen and it then frequentiv 
presents a slight waisted appearance bemg narrower at it** middle This view 
shows the forward projectmg tubercle clearly 
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Occasionailv there to l>e seen in n dorKi palmar view a small do 
pre^-sioJi or pit on the ulnar side Tlits together vith a simihr 
depression m the adjacent surface of the os inapniim marks tho site of the 
os centrale 

DotTBLE ScATHOiD — This is held bj some to oceiir but jirobablv the 
appeannee is nhi avs the result of an nminited fracture The view that trauma 
is the cause of such cases is upheld bj the fact tint tuo veil formed o-isifio 
nuclei ln^e not vet been recorded Even m those cases where o sification of 
the scaphoid begins m two discrete granules thet ln^■^lrnb!y fuse to form one 
ossific nucleus 

The scaphoid irticulatcswith ti\cbones therulms <eniiUmar os magnum 
tnipezium and traperoid 

Congenital al^ente of the '•caphoid tiuI hcmilumr has been dc 
scribed 

The Semilunar (os lunatum) — In the dorso palmar n lew tlic semilunar h is 
an irregnlarlj (jindnhtervl apitearmce and it is not until it is %newcd laterilK 
that itb clmmctenstic lunate outline isMsiblc Its proximal surf ice is convex 
m ))oth -nous and its distal is concAve 

U oseinilunnrnrticulatcs with fire bonca the radium scaphoid o^ magnum 
tho unciform (almo&t a linear facet) and the cuncifonn It docs not articulate 
with the utna but witli the triangular fibro cartilage winch separates it from 
tho lower end of that Iwne 

Congenital fusion of the cmdnimr ind cuneiform is said to occur as a rare 
jhnomahtx in negroes 

Cuneiform (os triquetrum) — fh s bone is scon best m tho doivi 
palmar xnew Its shape is irregiilarli cuneato the narrow end of tho 
wed(,e iKjing directed distalwaixls It i« sometimes seen double but this is 
j robabU as m the case of the snphoid alwa\s the result of an umimted 
f^ncture 

TJip luueifoini irtjculntts with three bones the beinilumir unciforni and 
pisiform and uitJi the tnnuguhr hbro cartiHgc which iJep<iratcs it from the 
lower end of the ulna 

Pisiform — ^Tlie pisiform resembles in shape a hrgo pea \ntli a flat articular 
ticot for articulation with the cuneiform its ahidow in the dorso palmar 
\ne\v is usiialh sujierimjio'cd more or less eomplcteh on that of the cuneiform 
In the latenl its outline mas \k soon clear of an^ other bone It has been 
dtsenbed double but in such cases the proximal l)on\ nodule repre-^nts the 
piiiform eccondariua {ude in/ra) 

Sesamoid Bones in the Hand — Some of thev? irc rcl itut Iv constant and 
olhersofn soirNing raritj Tlie followmo figures compiled bj Pj7f-ner indicate 
the freqiicncN of incidence of the common scsamoids while those of rare 
occumnec npiicar m the lower part of the t»l>le 'Jlio number present at 
each site is mdieatc<l m brackets 
Mint— 17 
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ConstaritU Constantlj 

78 4 7)er cent "C 5 per cent 

72 9 per cent 72 9 per cent 

40 2 per rent 45 9 per cent 

tl an 1 per cent 

THE LOWER ENDS OF THE RADIUS AND ULNA 

It IS convenient to consKler these here, as they form an integral part of 
the MTist joint 

The Lower End of the Radius, seen best m tlie dorso palmar view presents 
a concave inferior articular surface which on the lateral side extends down to 
the tip of the stjloid process This surface is divided into two portions hy a 
slight antero posterior ridge, forming facets for the scaphoid and semilunar 
lespectively Along the medial maipn of this surface is attached the base of the 
tnangular fibre cartilage, the apex of w hith is attached to the tip of the ulnar 
styloid process Immediately abo\'e this margin on the medial surface of the 
lower extreraitj of the bone is another concave articular facet, the sigmoid 
cavity, for articulation with the ulna Because of this concantj , a clear joint 
space 13 seldom if ever seen between these surfaces On the outer surface of 
the lowerendof the radius, at the base of the styloid process, a slightly raised 
irregularity is nonnaIl> visible in muscular subjects This marks the attacli 
ment of the tendon of the hmchio radialis tendon 

The epiphyseal scar is frequently \isible as a cuned line of bont con 
ilensation the concavity towards the elbow 

In the lateral view tlie lower end of the radius is seen superimposed on that 
of the ulna The View is of importance in the detection of Colles’s fracture, 
and particulaily in the estimation of the degree of reduction of that fracture 
after manipulation The important normal landmarks m this respect are tlie 
gentle forward curve of the long axis of the bone at the lower end and the slight 
anterior inclmation of the conca\e lower articular surface 

The Lower End of the Ulna — In the dorso palmar view the prominent 
feature is the stj loid process projecting do^vnw ards from the postero medial 
aspect of the lower extremity of the ulna The tip of the st\Ioid process 
forms the apical attacliment of the tnangular fibro-cartilage, and a line joming 
this to the medial border of the lower end of the radius mdicates the plane of 
that cartilage This line bisects a tnangular space between the ulnar head 
and the carpus The size of tins tnangular space vanes with the position of 
the hand being increaced by radial deviation of the hand, and tice tersa and 
when opened out by radial deviation must not be mirtaken for a subluxation 
or a tear of the internal lateral ligament of the wTist joint 

'1 he distal half of the ulnnr styloid is frequently seen as a separate rounaed 
nodule This has been ascribed to non fusion of a separate ossific centre for 


( OJIMON beSAMOIDS 

1st metacarpo phalangeal joiitt (two) 

5th metacarpo phalangeal joint (one or two) 

1 P jomt of thumb (one or two) 

2nd metacarpo phalangeal joint (one) 

Rare Sesamoids 

3rd and 4th metacarpo phalangeal jointa (one) 
Distal I F joint of index finger lone) 
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the process, hut in all proliabilitj this is nlwavs the result of an imunited 
fracture {tide os tnangulare tn/ra) 

The distal surface of the ulnar head n normally at a slightlj higher level 
than that of the lower end of the radius 1-3 mm as a rule 

ACCESSORY OSSICLES IN THE WTIIST 

As mail} astMent\ four supemumerarj caqial ossicles Iiave been described 
Manj of the'^e are doubt 
lees merelj spicules of 
bone detached from the 
carpus and metacarpal 
bases by traiuna, and 
u hich have remained 
itnunited The following 
have some claim to mor 
phologicai entlt^ Thej 
are arranged in their 
supposed order of fre 
quenej of occurrence 
(Fig 223) 

(1) Os Trapezoides Se- 
cundanum — Tins the 
commonest accessor} 
ossicfe, i!» situate on the 
dorsal aspect ofthe carpus 
between the tnpezoid and 
the ba«5e of the 2nd meta 
carpal 

(2) Os Ccntiale — -Tlie 
os centrale occupies a 
site between the os mag 
num and the di^^tal pole 
of the ■JcapliOKl It is 
ven rare and occurs 
according to Pjitzn^r in 
0 5 of subjects In the 
author s expenence it is 
much rarer than this 
Tlie oval bed of the 
primitive cartilaginous os 
centrale frequentU per 
sists, howei or, and appear^ m a mdiogrom as a small oval tran&lucenci 
fonned by the dcpres&ions on the adjacent o® magnum and scaphoid No trice 



Flo 2*3— Normal adult hand donu> IHtlmar view, 
indicat ng the nte« of sosamoKU and a(^ce'^ry osaiclei>. 
(I) Oi trapoaonled Fec(tR<lariun> Os ecntrale {3) Os 
tnangulare |4) atvloideani (a) 0> Vesaliannm 

{0) PKtfonn Kwindanum (7) Os iilnare estemum 
(8) Common ^esamotds (0) Rare sesamoxls 
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of the caitilagmous nodule normally persists It is sud to fuse with the low er 
pole of the scaphoid at an early stage in the development of the foetus Its 
homologue m the foot is the scaphoid bone 

(3) Os Tnangulare — ^This is nearly always a post traumatic separation of 
I he tip of the ulnar styloid process This a typical element in a Colies s 
fracture can occur with little or no damage to the lower end of the radius and 
the absence of endence of old damage to the latter is no criterion that the so 
called os tnangulare is not due to injury However, as two bilateral cases 
have been recorded m w hicli trauma has been said to have been excluded 
the existence of this ossicle as a morphological variation is a possibiliti 

Tlie remaining ossicles are extremely rare 

(4) Os Styloideum — This appears as a separate ossicle ot the tip of the 
styloid process of the 3rd metacarpal and lies on the dorsal aspect of 
the carpus 

(6) Os Vesalianum — ^This occupies a position close to the base of the 
6th metacarpal 

(0) Pisiform Secundanum — This lies m tlic tendon of the flexor carpi 
ulnans immediately proximal to the pisiform itself An old transverse frae 
ture will produce exactly the same appearance if as is usual it fails to unite 

(7) Os Ulnare Externum — ^This is described as being situated on the dor«o 
medial aspect of the cuneiform boiic 

JOINT CAVITIES IN THE REGION OF THE WRIST 

These are six in number and are of importance in the spread of a tuber 
culous or septic arthritis 

(1) Inferior Radio ulnar — This lies between the lower end of the ulna and 
the triangular fibro cartilage and extends upwards between the lower ends of 
the radius and ulna 

(2) Radio-carpal — ^This joint space seiiaiates the lower end of the radius 
and the triangular fibro cartilage above from the proximal row of carpa 
bones (not including the pisifoim) below In the antero posterior aiew it h 
^ nvex upwards 

(3) The Piso cuneiform joint space separates these two bones 

(4) The Mid-carpal Joint is a complicated cavity separating the upper from 
the lower row of carpal bones In the dorso palmar view it is roug ' 

S shaped and it sends prolongations upwards and downwards between t e 
individual bones as far as their mterosseous ligaments . 

(5) The Carpo-metacarpal Jomt separates the four bones of the dis 
carpal row from the bases of the four inner metacarpals, and as in 
mid carpal joint, sends upward and downward prolongations between 
individual bones 

(6) Joint between the Trapezium and 1st Metacarpal 
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MOVEMENTS OF THE'WRIST JOINT 
T«o joints onlj nre responsible for the movements of the wist joint, the 
radio carpal and the mid carpal In flexion and extension both jomts take 
part, the mid carjnl haaong the larger share Radial and ulnar flexion take 
place almost entirely in the radio carpal jomt A very slight degree of rotation 
IS permitted in the mid carpal joint the head of tlie os roagnnni acting as a 
pivot The parts plajed ba these tuo joints m the movements of the nrist 
are evident in a radiogram, particularly those of ulnar and radial deviation 
With the Hand m the Normal Position the scaphoid and outer half of tlie 
semilunar are in contact vith the radms, the remainmg half of the semilunar 
and the cuneiform abutting against the tnangnlnr cartilage The long axis 
of the unciform is directed obliquely 

In Full Radial Flexion the proximal rou of carjnl bones suing to the uhiar 
side, the scaphoid being foreshortened, the semilunar overlapping the radius 
to a greater extent, and the translucent triangle seen m the radiogram between 
ulna and cuneiform being uidened Tins increase in width must not be 
mistaken for a subluxation or tom internal lateral ligament The long axis 
of the unedbrm becomes vertical, and that of the os magnum oblique 

In Full Ulnar Flexion the reverse changes take place Thus the scaphoid 
easts a more elongated shadou and only its upjicr pole is m contact with the 
radius The semilunar comes into full apposition with the radius and the ulnar 
cuneiform angle is closed fho normal obliquity of the imciform is increased 


OSSIFICATION OF THE HAND AND WRIST 


Phalanges and Metacarpus — Tlie diaphyseal centres of ossification for the'Je 
iioncs appear m the following order 


Tcmuiutl ph»lftnpef> 
Metacarpiu 
rroxinial phalai ges 
attil pliAlnngc^ 

Mid plialiins: ot Sth digit 


Oth veek of ultra utenne life 
10U» tvi?ek of mtra utenne life 
I Uh week of intra utenne life 
IJtb week of infra utenne life 
1 4th ireek of inlra utenne life 


The epiphyseal eentnes appear and wwte as folloirs 

Metaeaipal 1 eadii -l~-l y«ars 

Bases of proximal plialancos yean 

Bose of ungual pluilaitx of thumb 21 Sircars 

Basesormul en I \inguat phalange*? S^^ear 


Cfilie 
20th year 
18th 20th year 
18th 20th year 
I8th 20th year 


Note that the 1st metacarpal rebcmblet. a phalanx in that it has a basal 
epijlhysis and none for the liead Tins appears and unites at the same tune 
IS the Iicadg of the other four metacarpals 

Abnormal Metacarpal Epiphyses — ^Uie base o{ the 2nd metacarpal is 
sometimes formed ns a separate epiphysis And m some cases where eepaiatcd 
basal ossification is not achieved, evidence of an attempt at it is to bo seen in 
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the form of an oblique notch on either side of the bone at the junction of shaft 
and base 

The head of the 1st metacarpal sometimes forms, as a separate epiphysis 
When so the centre appears at the same time as those for the other metacarpals 

A less common epiphyseal centre is that at the base of the oth metacarpal 
w hilst thej are very rare in the cases of the Jrd and 4th Tiiej tend particu 
larly to appear in cases of retarded growth such as Mongolian idiots Tlieit 
presence is normal m aquatic mammals and give m them increased mobiliti 
to the fore limb 

Ossification of the Carpus -At birth all the carpal bones are cartilagmous 
Ossthc nuclei appear m them at the following times after birth 


Os magnum 
Unc form 
Cuneiform 
Semilunar 
Trapeiium 
Trapezoid 
Scapho d 
Pi«iform 


4th month 
4th month 

4th olhteai 
i th yeai 
« th year 
bth year 
I Ith year 


1st 6th month 
lst-6th month 
-n<l-4th year 
3rd-6th year 
6th 7th year 
Cth 7th year 
ith 7th year 
0th l^thyear 


Ossification of the Sesamoid Bones —Those of tlie 1st metacarpo phalangeal 
joint appear about the 14th \ear theothers when present appear at a vary 
mg time later 

Ossification of the Lower Ends of the Radius and Ulna — These ossify as 
follows 

Raliu 1st 2nd yeai JOth year 

Ulna Stb 8th year 20th year 


THE RADIAL AND ULNAR SHAFTS 

Both of these shafts show slight sinuous curvature and an appreciation of 
this IS necessary for the correct estimation of displacement after a fracture 
They should be view ed in at least tw o of three standard positions 

(1) Palmo dorsal View — ^Tlie whole arm flat on the X raj couch anterior 
surface upwards the forearm m full supination (Fig 224) The ulnar shaft 
la concave mediallj in its upper lialf and the reverse m its lower The whole 
shaft tapers ftom the upper evtiemit^ to the lower The interosseous ridge i» 
visible only in the lower half The radial shaft shows at its upper end the 
promment bicipital tubercle directed inwards and from this ifc desenbes a 
gentle outward convexity to the lower extremitj on the medial aspect of 
the sTiaft the interosseous ridge is a promment feature It mu'it not be 
mistaken for cortical or subperiosteal thickening 

The radial and ulnar shafts overlap irTthis view only m their upper fourths 

(2) Lateral Supinated View — ^The whole arm on the X ray couch the 
humerus horuontal the elbow flexed to a right angle and the forearm m fuH 
supination (Fig 224) In this \iew the ulnW shaft presents a gentle curve the 


I 
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conve\jt\ inttrioiU Ihe radial shaft is sliglitly con'sexfor\\‘irds m its upjiei 
third in the region of the bicipital tabercle In the lower two thirds this 
clianges into a slight concavitj The bicipital tubercle is barely visible on the 
contom of the bone and the mtcrosseous ridge not at all That of the ulna 
IS, howeaer usually visible to some extent The shafts are seen separate in 
their upper halves hut overlap to an increasing extent as the loner ends ate 
approached 

(3) Lateral View — ^The jiosUion is as in !No 2 except that the forearm is 
midwaj between supmation and pronation with the palm downward? i In 
this Mew the two bones are teen separated to their maximum their shafts 
concaae one to another Both Miterosseou*^ ndges are clearlj seen and the 
bicipital tubercle is seen m almost full profile 

THE ELBOW JOINT 

The tliree standard Mews for the elbow joint arc similai lo those for the 
forearm sa\e that the central ra^ must be accuratelj centred over the joint 
Particularlj is this the case in the two lateral views when a slight aanation 
in the centring or n verj shglit tilt of the elbow iti^lf « ill gi\ e a \ erj distorted 
appearance The commonest fault lies m failing to have the upper arm 
resting lionzontallj on the couch m its whole length This results in the 
shadow of the capitellum being thrown downwards and that of the internal 
ipuondylo backwards 

The Upper End of the Radius —The neck of the i idma forms a smooth 
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round cj Under, commencing below at the bicipital tubercle, and wndenun' 
fairly abruptly mto the head The bead in the form of a thick disc, has a 
concave upper articular surface for articulation uith the capitellum of the 
humerus This surface is continuous with the articular surface of the thick 
edge of the disc The latter also has a cartilaginous cohering, for articulation 
inth the lesser sigmoid cavit} of the ulna and the orbicular ligament The 
articular margm descends farthest dow n on the inner aspect of the bead The 
outer portion of the radial head is seen, in an antero posterior ^^ew, to project 
laterally to some extent liejond the capitellum This portion is norinaUv 
relatively translucent and more rounded than the inner aspect In all three 
vieus the shadoiia of the radial and ulnar heads overlap to some extent 

The Upper End of the Ulna — Tlie structures of note in this are the coronoid 
and olecranon processes and the greater sigmoid cavity All three are best 
studied m a true lateral view, but the actual vndth of the jomt space is iiell 
seen in the antero posterior vien 

The coronoid process ends in a rounded point An actual spike is as a rule 
pathological either the end result of a sprain of the tendon of the brachialis 
anticus or from osteoarthritis 

The greater sigmoid cavity fonns in the lateral view a regular arc of about 
one third of ^ circle In the antero postenor view it is saddle shaped, with a 
central ridge which ndes in the trochlear sulcus of the humerus 

The olecranon process has a blunter tip than the coronoid From tlus tip 
the upper surface of the olecranon passes backuards to jom the postenor 
surface at an obtuse angle usually s little more tlian a right angle The 
suiienor and posterior surfaces of the olecranon have a considerable normal 
V ariation, depending on the development of the epiphysis The edge dividing 
them is often slightU raised forming as it does the mam attachment of the 
triceps tendon Frequently also a spur develops there, in that tendon Such 
n spur may become long lie fractured, and subsequently form a separate 
ossicle m the tendon -in olecranon spur is directed obliquely forward follow 
mg the Ime of traction of the tendon 

The Lower End of the Humerus — -In the antero posterior view the lower 
articular surface is seen to lie sinuous m outhne On the mner half is the 
trochlea, with its central groove and laterally is the rounded capitellum, the 
tw o separated by an antero postenor ndge The plane of the lower surface is 
not at right angles to the long axis of the bone It has an outward tilt, fonnmg 
the so called carrying angle of the elbow This outward angulation of the 
forearm on the arm with elbow extended and forearm supinated, vanes 
between 2 and 16 degrees The average is between 6 and 10 degrees 

The mternal epicondyle is a prominent rounded projection frequently 
dimpled at its apex The mternal epicondylar ndge is regular, and forms a 
smooth concave Ime from epicondyle to shaft A rare abnormality is the 
presence of the supra condylar process This small hook hke process projects 
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obliquely downw arda from just m front of the epicondj lar ridge Usually a 
fibrous band jomts tlm process, to the internal epicondj le Rarel j the fibrous 
bridge is ossified, forming a tunnel which transmits the median ner\o and 
tile brachial artery or a branch thereof This foramen is constant 
m many mammals 

The external epicondjlc is flatter and less prominent than the interna! 
and the epieoudylar ridge above it has a slightli irregular convex outlme 

The shadow's of the trochlear and radial foss'C are superimposed on the 
olecranon fossa in an antero posterior new to form a more or le«s tnangular 
translucent area 

Tn the lateral view the forward curve of the lower end of the humerus is 
e\i(lent Shght denation from the true lateral position will mask this, the 
restoration of winch is so miportant m the reduction of a fracture in this region 
IJiis new also shows the outlines of the capitcllar and trochlear foss-e in front 
ind the olecranon fossa behind The cortical layers forming them can he 
traced from the shaft above till thej fuse and then separate below Occasion 
ally this joint floor is perforated, forming the supratrochlear or intercondyloid 
foramen The supratrochlear foramen i» common in negroes, and is a frequent 
finding in prehistono skeletons, the anthropoid apes, and inanj mammals 


OSSIFICATION OF THE BONES OF THE ELBOW JOINT 
At birth all the epipbjaes of the elbow joint aro eartiJagmous-’ These 
iroatf} and fuse m the follow ing order 


Cxt epicondjrl^ 

GtpUwum 

Iloraeni. TtoWc. 

lat ^icondyle 
Lln& J Olecranon 

I, , Head 

I juj \Bicipitol tuberosity 


A|'r*3r run u^hor 

loth- 12 th yearl 

tit 3ni \ear llSth— 17(h year 
Uthyesr j 
itb--8th>rar — 

ilHh 13th v«ar — 

^eh~6th year 
about iSlhyear 


Fine « iL diai>hT<K 
ITth-lSth year 
Isth year 

16th 2inh year 

16th-lPth year 
15lh 16th Tear 


The Capitcllar Epiphysis of the humerus develops in the shape of a wedge, 
the apex directed mnards As it grows it spreids and eventually forms most 
«if the articular surface 


The Trochlear Epiphysis is small forms only the medial part of the adult 
trochlear surface, and at first appears as two or more ossific centres 

A year or so before fusion with the diaphysis the external epicondylar, 
tapitellar, and trochlear epiphyses join together The internal epiconilylar 
epiphysis fuses separately 'wnth the diaphy'sis 

The Olecranon Epiphysis, of the scale type w very \ariable m its size and 
mij appear at first as multiple ossific nodules Even when it appears as a 
‘‘ingle scale, its deep surface is coromonlv notched indicating the tendency to 
multiple ossification. 

The Epiphysis of the Bicipital Tubercule of the Radius i» jehtivcly 
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uncommon When present it is of the “scile” variety, appears aboii 
puberty and rapidly fuses Mith the mam mass of the tubecrle, irhich is o 
diaphyseal origin 

HUMERAL SHAFT 

The shaft of tlie humerus is cylindrical, and its principal radiographii 
feature is the deltoid tuberosity a flat slightly roughened eminence on its outci 
surface near its middle The diameter of the bone is narrou est just belo« 
this The low ei third of the shaft becomes progressively flattened from liefon 
backwards and presents a slight curve forwards 

In the upper third it widens out gently to merge with the lie id 
Just below the head is the surgical neck which howevei shows no radio 
graphic delimitations 

SHOULDER JOINT 

Standard Posihon. — The systematic reproduction ol a standard v lew is nioie 
difficult in tlie case of the shoulder joint than in others because of the varyinc 
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posture of the shoulder girdle m different individuals For example, m round 
shouldered patients the scapula tends to point forwards compared witli the 
normal, whilst m those of soldierly bearing the reaerse obtains Again 
variation m the centrmg point will result in considerable alteration m the 
relationship of the shadows of the bones Similarh rotation of the arm 
will alter the outlines of the humeral head 
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For practical purposes it is perhaps best to adopt as the standard iKJSition 
that ■«hich the shoulder assuiues at rest and m which it la usually bandaged 
immediately afteran injury namely thearraat theside md the forearm and 
handontl echest{Fig 22o) WiththepatientonhisbacI tliehendandsboulders 
are rai'sed on an inclined plane to the extent of 10 to lo degrees The film cas 
sette conveniently forms raost of this inclined plane and sandbags and pdlou s 
the rest The tube abocx is centred on the inner part of the humeral head 
Another convenient method esjiecially if the shoulder is senouslN damaged 
IS to tahe the mdiogram inth the patient erect against a vertical Bucky grid 
apparatus Tlie patient leans baeJ on the grid with the tube m front of lum 
External rotation of the humerus throws the greater tuberosity mto relief 
and internal rotation brings the le ser tiiberoaity into view on the inner side 
of tho head A tangential anew {Fig 22o) is sometimes valuable 

Head of the Humerus — In the standard view the humeral head is seen as a 
rounded ma‘is "Most of the free outime is regular and smooth being formed by 
the articular surface On the outer side is seen the irregular outime of the 
greater tuberosity and on the inner part close to the junction of the shaft tho 
leaser tuberosity may be seen Frequently tho Ic^er tuberosity does not take 
part in the outime The stnicture of tlie cancellous tissue of the head is 
irregular Since it is not subject to pressure stresses it is not crystallised into 
regular strue us m the femur The liumemt head is a not uncommon site of 
compact islands Occasionally there occurs a line of cortical condensation 
at the top of the greater tuberosity This has no pathological significance 
A tent shaped epiphyseal scar is frequently obsen ed at the base of the head 
The shadow of the humeral head is superimposed to a varying extent on 
those of the glenoid cavity and acromion process the amount of overlapping 
depending on tho precise portion in which the radiogram is taken 

Scapula — The general outime of the scapula vanes according to jts degree of 
forward inclination from the coronal plane If the patient bo verv round 
shouldered the view obtamed of the “capula m the standard position will be 
very foreshortened A tangential view of the scapula taken with the arm 
rai«ed is sometimes of value 

The glenoid cavity ovoid m outline with the apex upwards looks outwards 
and forwards and so a three quarter view is obtamed of its outline At its 
upper and lower nrticulir margins there may be pre'=ent small irregularities 
marking tl e origins of the long heads of the biceps and triceps respectively 
Tlie irrcgulanty at the lower border is sometimes contmued on to the neck ot 
the scapula in the form ot a small flat tuberosity 

Tlie scapular spine is a prominent feature in tlie radiogram Its outIm<^ 
should be clearly vnsible including the fiat triangular surface close to the 
vertebral border Surmountmg the spine is the curved acromion process the 
outer iKtrder of which often prcMjnts a senes of blunt «errations 
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The acromion process is very vanable m shape, sometimes being gently 
curved, and at times being quite sharply angulated 

The articular facet of the acromion is usually seen edge on m a radiogram 
Its mclmation may v ary from the vertical to an angle of 45 degrees with that 
plane In the angulated acromion the facet is usuallj angulated Normally 
its margms should be smooth Irregularity of its margins is usually the result 
of old trauma or osteo arthritic hppmg 

As the hook like coracoid process pomts forwards and outwards it is seen 
foreshortened m the standard view It can best be seen m profile by abductmg 
the arm and angulatmg the central raj outwards Occasionally an articular 
facet 13 present on its superior surface, for articulation with the conoid tubercle 
of the scapula 

The bodj of the scapula is irregularly triangular and shows considerable 
variation in the detail of its shape On the superior border is to be seen the 
supraseapuHr notch, occasionally converted mto a foramen bj ossification of 
the suprascapular hgaraent 

The floor of the mfraspinatus fossa in rare cases is deficient 

Os Acromiale — When the acromion epiphysis fails to unite, the resulting 
nodule of bone is called the os acromiale It is a rare anomaly, and is more 
commonlj bilateral than unilateral One case seen by the author was bilateral 
In It, a history of accident to one shoulder was given, and the condition was 
thought to be an unumted fracture of the acromion, until a radiogram of 
the other shoulder showed a precisely similar appearance The accessory 
bone did not take part m the formation of the acromio clavicular jomt 

The Shoulder Jomt — Owing to the obliquity of the glenoid cavitj a clear 
jomt space W not as a rule visible and an estimation of the w idth of the joint 
space IS difficult In the position of rest the lower inner part of the humeral 
articular surface is in contact with the glenoid cavitj, and the lower margin 
of the latter extends for a -varying distance below the head of the humerus 
When the arm is abducted, the lower mner articular margm of the bead of 
the humerus descends, and occupies the same level as the lower margm of 
the glenoid cavity 

Variations m the Standard Position — (1) If the normal ray be centred 
medial to the shoulder joint, the glenoid cavity is seen more m profile, and 
the jomt space can be better estimated The coracoid shadow is elongated 

(2) If the centrmg point be below the jomt, the acromion process is 
“spread out” This forms a useful view, therefore, for examination of 
that structure 

Centrmg above and external to the jouit affords no advantages over the 
normal -view 
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OSSIFICATION OF THE BONES OF THE SHOULDER JOINT 
The Upper End of the Humerus — There are three centres of ossification 
for tile upper end of the humerus as follows 

Arr«a« 

Head 1st year 

Greater tuberos ty 3rd year 

Lesser tubeiD® ty 5th year 

This 18 the classic description gnenby^my GunningJia\n J/orm Bedard 
Choice Boberis and Kelli/ Cohn ind Pofowd state that all three developed 
from one epiphysis It S Paterson fiom Ins ndiologicil studies came to 
the conclusion that in 50 per cent of subjects there is one epiphysis onl> 
and in the remaining 50 per cent 
there are two one for the head and 
one for the greater tuberosity In none 
of his series of cases was a centre found 
for the lesser tuberosity 

These fuse together ui tlie 6th year 
and jom the shaft ui the 20th year 
Before the tune of fu'sion lath the shaft 
the united epiphyses fit liLe a cap on a 
conical shaped metaphysis 

In a radiogram the epiphyseal 
junction frequently casts a double 
shadow with a surpnsing gap between 
This appearance is of miportance is it 
may be mistaken for a fracture of the 
metaphysis (Fig 22G) 

The Scapula — ^TJie scapula is ossi 
fied from seven or more centres of 
which the follou ing are constant one 
for the body two for the coracoid process tuo for the acromion one for the 
vertebral border and one for the inferior angle 

AlJf»w rnsca, 

_nd month of ratal 1 ^ 

Itv-lS months afl^r b rtl 1 thjear 

I4th •Oth year ^ \ oth year 


J qn ck 
sofce" on 

th 3 order 


Body 

Body of coraco d process 
Root of coracoid (scale) 
Acrom on bo ly 
Infer or anfsle 
Tip of acronuoQ 
Vertebral border 



The two acronml epiphytes fuse together before jomtng with the parent 
bone Frequently the distal scale epiphysis is multiple at first railure on 
the part of the distal acromial epiphysis to fuse has already been noted as 
the explanation of the os aoromialo The base of the acromion is not formed 
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by these epiphyses, but by an extenbion outwards of the ossification of the 
scapular spine 

The following epiphyses are inconstant 

Appears. Fuses 

Subcoracoid lOth-llth year I6th 18th year 

Th s a common epiphy«i<! fonna the upper third of the glenoid cavity 
Inferior glenoid 16th-I7th year 23rd-25th year 

This 18 a scale epiphysia forming the lower part of the glenoid fossa 
Coracoid tip 16th-17th jear 23rd-25th year 

CLAVICLE 

The Clavicle is to a varying degree doubly curved, m S form Its outline 
m a radiogram may vary markedlj according to the degree of this curve, and 
to the exact disposition of tlie central ray If this passes along the plane of 
the S curve of the clavicular shaft then the shadow of the shaft will be fairly 
straight If the tube he angled to this plane, the S curve w ill be reproduced 
m the radiogram Sometimes if the point of the shoulder be held forwards, 
part of the shaft of the clavicle maybe seen almost end on, with the production 
of a cortical ring shadow An almost constant feature is tho downward pro 
jectmg conoid tubercle, which affords attachment for the conoid part of the 
coraco clavicular ligament The trapezoid ridge is rarely visible A rare 
variation is a facet on the conoid tubercle, for articulation with the coracoid 
process of the scapula 

The Outer End of the Clavicle is expaiide<l antero posteriorly, hut this la 
not visible in a radiogram, m which only the very slight supero inferior 
expansion 18 visible Theoutei end is tipped by the articular facet, which mav 
be m a vertical plane or he inclined outwards or inwards from the vertical 
The acromio clavicular joint shows a very varying joint space This is de 
pendent to some extent on the interarticular fibre cartilage When this is 
absent the joint space is narrow Commonly an incomplete cartilage occupies 
the upper half of the jomt and in this case the upper part of the jomt space 
is opened out in V formation Hie outer end of the clavicle is usually a little 
higher than the acromion a relationship which should not be mistaken for 
a dislocation 

The Inner End of the Clavicle is considerably expanded It articulates, 
through a fibre cartilage with the manubrium stemi and the inner part 
of the first costal cartilage Its articular surface, concave from before back 
wards, IS convex from above down, and extends on to the inferior surface 
Ihe inner end of the clavicle is projected considerably above the manubrium 
forming with its fellow the suprasternal notch 

Ossification, — .The clavicle is the first bone m the body to ossify, a centre 
appearmg for the shaft and outer end in the 5th or 6th week of fcctal hfe An 
epiphysis appears for the sternal end at about 18 to 20 years and unites about 
the 25th year 



CHAPTER XVI 


\OmiAL BONES AND JOINTS OF THE LOW'ER E\TRL^im 
THE FOOT 

Standard Vievi’S — ^TUeie are tour standard Mews 

(1) Dorso pi^vtar — In this Mew the central roj should be normal to the 
dorswm of t!ie foot , and conseqwcntiv oblique to the film on the plantar surface 

(2) MeBIO I^VTERAI 

(3) LaTERO JtLDrAL 

In the second view the metatarsals are more spread ont than in the third 
otherwise there is little to choose between the two 

(4) PiiAXTO POSTERIOR, to show the os calcifl The back of the heel rests 
ou the film on the couch and the foot m strong dorsiflexion The central raj 
j« directed obhqueh fhrougli the sole of the foot on to the film 

THE PHALANGES 

Distal Phalanges — The distal phalnns of the hallux is rclativeh large, and 
shows great variety m the details of its form In the dorso plantar view its 
c\treinit> is expanded in spade form with an irregular border from whicli 
>-ined excrescences nny project. 

The shaft is short and thick and expands out to fuse with the base Fre 
cjuentlv quite hrge tubercles project from the lateral and medial aspects of 
the shift at the junction with the liasc 

The pmxinnl surface of the base bears a biconcave articular facet with a 
lueilnn ndge, for articulation with the head of the proximal jibalinx 

In the latenl new this pbnJanx is seen to hare a broad bi«e, and a shaft 
tint tapers rapu^[^ to the free extieinili, which bears on its plantar aspect i 
rougliened raised surface for the support of the jiulp of the toe 

The distil philaijges of the other toes are diminutives of the first, and are 
It times fii'jcd with the raid phalanges 

The Mid-phalanges of the four outer toes have a bicondvlar head and 
Itjconcave basal facet Thej become, suceessu elv shorter and more cuboidal 
from the 2nd to the 5th toe, with progressive loss of form, until that of the 
-»th toe IS merelj a more or less cuboidal nodule of bone 

Pjjizner gives the percentage of fusion of middle and distal plialanges as 
follows 

In tiic oCli toe III 30 yer cent ofindiMilunLi 
IntbeJthtoe in I,* percent ofindivi luaU 
In tl e 3rd and 2ml toes ui0 7S per cent of mdmdmli 
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If fusion IS present m the 4th toe> it is -pteseut m the 5th and m w 

Proximal Phalanges — ^These are all bnilt on the same plan with a bi 
condylar head a naisted shaft and a base bearing a conca\e articular facet 
That of the hallux is large and substantially constructed The others are 
relatively delicate The lateral borders of the sliafts may show small nodular 
projections similar to those seen m the fingers and marking the attachment 
of the tendon sheath 

Some outnard obliquity of the proximal jihalanx of the liallux is normal 
an angulation increased in hallux valgus 


Sesamoid Bones m the Toes —These occur m the followmg percentage® of 
cases according to Pfitzner 


tnt metatarso phalaDgcol joint 
Dth metatarso phalangeal jo ni 
’nd metatars .0 phalangeal joint 
Interphalangeal joint of hallux 


in 100 per cent 
’ in S 7 per cent 
1 (tibial) in 1 6 per cent 
1 m 5i per cent 


Sesamoids in the 1st Metatarso-phalangeal Joint — ^Two are always present 
m the tendons of the flexor brens hallucis These sesamoids it is iraportint 
to note are subject to many anatomical variations the commonest of vhich 
IS double sesamoid Some of the®e double sesamoids are post traumatic and 
some due to non fusion of two ossific nuclei Rarely the sesamoid may be 
iepre«ented b\ four or five tiny nodules of bone 

These abnormalities are commoner in the medial than in the lateral sess 
mold but mai appear m either or both 

The sesamoids ate frequently observed to be enlarged and deformed but 
this is always pathological such as in hallux ngidus The deformity is then 
due to osteoplu'tic formation 


THE METATARSUS 

The 1st Metatarsal, the shortest and strongest of the fi'e lias a large 
rounded head covered distallv and inferiorly b\ an articular surface Die 
head may present many varieties in its form and marginal osteophytic exere® 
cences may occur m profusion Although the latter are frequently ssiuptoni 
less and found accidentally in a radiogram they probably always repre«ent 
the first stages of a pathological state such as hallux \algus rigidus etc 
The shaft is smooth m outline and shows on its inferior surface a ridge 
which commences about midway, and gradually becomes more prominent a® 
it merges with the base at the infero lateral angle 

The presence of this prominent ndge results m the jiroximal articuar 
surface of the base bemg kidney shaped or cuneate wath the apex downwar 
and outwards It articulates with a similarly shaped surface of the intenw 
cuneiform The importance of this configuration in the maintenance oi 
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raediatloiigiUidnnlurchoftliefootisobMous The baseofthe 1st metatarsal 
occasionally articulates a\itli that of the second 

The Four Outer Metatarsals are longer and more slender m construction 
The head is largelv co\ ered avith carlda^ the articular surface e’ctendiiig on to 
the plantar surface Lateral tubercles are risible the'^e afford attachment 
to the lateral ligaments of the metatapio phalangeal joint The shafts taper 
from base to head and «hoa\ a medial incliuation relatne to the bases The 
recognition, of the nonuallj slender shaft particularly at the neck is of im 
jxirtance m comiection avitli KoMers disease of the metatarsal in which the 
neck and shaft are thickened 

Tlie bases of the 2nd 3rd and 4th metatarsals are irregularlj cuboidal 
That of the oth is triangular so rendered by the promment tubercle on its 
lateral aspect Into this tubercle is inserted the tendon of the peroneus brevi 
The four outer metatarsals articulate b\ their bases wath each other and 
al o intli the tarsus as follows 

® d iMtatar^l » ih tlw thiw cvne form* 

3rl melBlnrsU w»lh tJ e external eunetfom 

•Ith n)«talan<a) wtih tbe Mtema} cauu> torm itnd «rul<o ) 

5th loetatarsn) « th the cubo d 

TARSUS 

The Cuneiform Bones as their name indicates are wedge shaped TIic 
medial is the largest and least wedged of the three Its inednl surface !•> 
rounded the apes of the wedge upwards The distal surihee much larger 
than the proximal is reniform 

Tlie mid and outer cuneiforms are more typicallv cuneate inth their thm 
edges downwards The middle is sliorter than the other two and the recess 
thus formed receives the basj of the 2nd inetatar-sal The cuneiform bones 
articulate distallr w itli the four metatarsals and provimaJly with the scaphoid 
Tlie outer articulates with the cuboid 

The Cuboid — This bone is irregularlv pvramidal m shape its baac directe«l 
mwa^d^ It articulates with the calcis posteriori and Us medial plantar 
comer projects under tliat bone 

riie inferior surface presents an oblique groove for the tendon of the 
peroneus longus This visible in a lateral view as is tbe ndge behind it, 
and the tuberosity at the outer end of the ridge Tlie tuberositv bears a 
con\ex facet on which ghdcb the sesamoid or cartilage commonh present in 
the tendon of the peroneus lod^s The outer surface seen in profile m the 
dorso plantar % lew sliows a notch — ^the commencement of the peroneal groot e 
Tljecuboidartiriilntcswithfour bones theosKilcis the external cuneiform 
and the two outer metatarsals and occasionally with a filth the scaphoid 
The Scaphoid winch is well seen m both the dorso plantar and lateral views 
ha's the form of a thick disc interposed between the astragalar head and 
\uni — 18 
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the three cuneiforms Its antenor or distal surface is convex and bears three 
facets for the cuneiforms The proximal surface is concave and articulates 
■with the head of the astragalus 

The superior surface is seen m the lateral v len to ha\ e a gentle convexity 
and IS normally slightly roughened for ligamentous attachments Osteoplij tie 
oiitgroM ths are common on this surface close to the articular margins 

A prominent feature on the metlial aspect of the bone is the tulierositj 
•which is pointed do ivna\ards inwards and backw ards It affords attachment 
to part of the tendon of the tibialis posticus Variations in this tuberosit} are 
dealt with under the heading of the Os TtbiaJe Externum 

The scaphoid articulates normally « ith the astragalus and cuneiforms an 1 
occasionally with the cuboid 

The Astragalus — This is best seen in its entirety in a lateral view Onh 
the head is \ isible m a dorso plantar view of the foot w hilst the upper half of 
the body is w ell seen in an antero posterior view of the ankle joint 

The Head is smooth and rounded and articulates with the scaphoid 
The under surface of the head beais two additional facets for articulation w itli 
the os calcis and inferior calcaneo navicular or spring ligament 

The Neck is formed by a slight constriction or groove demarcating the 
head from the body The upper surface of the neck frequently boars irregular 
nodules of bona These are as a rule osteophjtic Occasionally a forward 
projecting spur takes rise from the upjior surface of the neck This the so 
called trochlear process is usually osteophytic but a developmental tyjie has 
been described by Thurstan Midland Below the neck is limited posteriori! 
b> the middle calcanean facet 

The Body is irregularly cuboidal Its upper surface bears the trochlear 
articular surface which also extends down on to the medial and lateral aspects 
of the bone This surface is visible m both a lateral and an antero posterior 
view of the ankle joint especially in the latter 

The trochlear surface is broader m front than behind a configuration wiiicli 
prevents posterior luxation of the bone in the normal subject It sometimes 
spreads on to the medial surface of the neck this is common in races which 
habitually adopt the squattipg position m which case it articulates witl a 
similar facet developed on the anterior surface of the lower end of the tibia 
It appears only occasionally m Europeans 

The inferior surface of the astragalar bodj is seen only in a lateral view m 
which its essential features may clearly be made out Anteriorly is the middle 
calcanean facet articulating watli the sustentaculum tali of the ox calcis 
Posteriorly is to be seen the larger postenor calcanean facet w Inch articulates 
with the body of the os calcis Between them is visible the deep oblique salcus 
tall forming with the contiguous salcus calcanei a tunnel — the sinus tarsi 
On the posterior surface the prominent feature is the external tubercle oi 
the astragalus This is varied in shape rangmg from a flat rounded tubercle 
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, It IS frequenth hooked do^n 

loan elongated romted process ,,ter under the heading 

M ards Its relationship ‘ ■> tubercle is small difficult to 

of the accessory f aepanted from the external bj a grooie in 

peater amoiinting to about varus For its deiuonstra 

estimation of thehonj j ^ taken the centre pomt over the 

tion a dorso plant ir ra i □ uh the foot in extreme plantar flexion 

anterior part ol the '‘■J » of the astragalus is about So degrees 

The itoarnMard angulatio ^ flatter 

“"''St Caleis-The lateral 

tnea It has an irregiilsrh "Wong outl me oonoave margin 

me tipper surface * '“”£*'“0 J^ot the posterior astragalar facet and 
Anterior to this the outlme dip front is tJ.e sulcns calcanei 

separitmgthi^ from the The sinus lodges the strong 

fokung ivith the ^■''«‘=‘",'^‘’;Xnt vessels to both bones 

interosseousligament and tlie nn j„io„ged into a pointed edge or 

The nntenor end of Hie ttp^ ‘ radiogram it maj lie sharp and 

uiocess Usnallv blunt in accessory ossicles) 

represent a fused calcaneus secern 'rticulates mill the cuboid 

riie anterior ""J’”'' alcis presents posteriorh a broad elevation- 

rhe inferior surface of the os cal p elevation is the 

that of the posterior f^nt of this is a shghtl> concave 

r ro„nnr=— - -- - - --- 

xcparited from the '""J" .f,,J^enbeortical bone in the loivcr part of tlie 
uttacliinent of that tendon of the epipbjseal scar 

posterior surface IS "^^eATrortions of Hie po tenor surface is the 

The junction of Hiese smooth ^ „ common abnoriiialiU hut is 

site of the tendo nchilles 'P"' j , ,exr or spram m the tendon 

iuSmnf H^n^rtru a size and the distal part max 

be sepante roncave lateral surfaces of the os calcis are 

uelfHm^rtLrj^rrmrror^ 

hurfacc of the 1 eel 
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111 a lateral view the lamellar slructure of the os calcis is dear!} visible Its 
regular arrangement is of considerable importance as after a fracture of an} 
seventy through the body of the bone the lamellar pattern is permanent!} 
deformed and gives -what may be the onlv clue to an old healed fracture 

Three mam bundles of lamellar Etna: are present 

( 1 ) Arising from the posterior calcanean facet and spreading out fanwiseto 
end at the posterior surface and adjacent inferior tuberosity Tins is the most 
pronounced bundle 

(2) A curved system of stnai arismg from the anterior half of the mferior 
surface and sleeping backwards and upwards diverging somew hat postenorly 
to end on the posterior surface Tins system cuts across the first senes at 
right angles to them in the posterior half of the bone 

(3) A smaller less defined fan system arismg from the anterior astragalar 
facet and spreading out forwards and downwards to the cuboid surface 

The first and third systems are pressure stnce continumg downwards the 
vertical striae in the astragalus while the second is a tension sjstem 


OSSIFICATION OF THE BONES OF THE FOOT 


Phalanges — These are each ossified from two centres one for tlie shaft and 
one for the proximal end or base 


D stal phalanges 
M (Idle pi alanges 
Prox mal pbalanges 


SI aft 10th week 
Base 5th year 
Shaft 1 0th week 
Base 3rd year 
Shaft iOth week 
Base 3rd year 


l“th 20th vear 
l“th 20ih vear 
I (h '^Othyear 


Metatarsus — ^The metatarsals also ossify from two centres — one for the 
shaft and one foi the head — with the exception of the 1st metatarsal which 
normally has an epiphysis for the base and not for the head Occasionallt 
this bone has a second epphysis for the head 

The diaphyseal centres appear in the 8th-9th week of intra uterine life 
and those for the epiphjses in the 3rd year They fuse m the 17th-20th }ear 
The occasional epiphj sis for the head of the 1st metatarsal appears nther later 
about the 4th jear 

Tarsus — ^Tlie os calcis normally ossifies from two centres one for the bod} 
and one for the posterior scale epiphysis The former appears about the ftb 
month of intra uterme life According to Kohler it commonh lieginsastwo 
nuclei a lateral appearing first and rapidly fusing with a medial 

The posterior epiphj sis appears m the 5th j ear It may appear as earl} as 
the 3rd or as late as the 7th It is commonly multiple beginnmg as two or 
even as tliree centres These fuse together before fusing with the diaphysH 
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The deep «:urf ice of the epiplu sis is crenated or toothe<l t!je crenations inter* 
loclung %Tith a similar irregnlnnU on the diaphj scil side In a r'ldiograin this 
epiph 3 sis casts ireniarkabh den«eshadon compared nith tliere'^t of the bone , 



frequently this is so marked as to raise the susjncion of ostco chondritis 
Compinsoii vnth the other side may serve to evchide tlie pathological condition 
'nie other tarsal bone^ ossify normallv from single centres •which appear 
at the follomng times 

AstrD^nluB OlhmortI 6f intra uttnne 1 fe 

Cuboid Clh roonth of tra utennc 1 fe 

At birth therefore, the os calcis astragalus and cuboid are visible in a 
radiogram 

External euro fojin i^tjear 

Jntrma] cunejfoim 3r 1 >e8r 

middle cunpjfoiin 3rd year 

Scaphod 3rd— Ithjear 

Tile scaphoid quite frequently begins to ossif\ from two centres winch 
rapidly fu'^e A double centre has ol»o been described for the internal 
cuneiform 

ACCESSORY OSSICLES OF THE FOOT 
“Many accc'^sorv ossiclesi in the foot have been described of which the 
follow mg are mote or less recogni'^ed os entities (Figs 228 and 229) 

(1) Os Trigonura — ^Tlns osaide the homologue of the senulunar bone of 
the hand and the repre'^entative of the primitive o» intermedium is the mo&t 
firmly established as an amtomical entity of all the accessory ossicles of the 
foot Normally this erabrvological rudiment fuses wntii the lateral tubercle 
on the posterior surface of the astrigolus At one end of the sc-ile of variations 
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IS the ossicle fused to tlie astragalus m a relatively inconspicuous tubercle 
At the other a completelj separate ossicle lying in the angle between the 
astragalus and os calcis It may then be of varying size and shape in size 
from 1 to 5 or G nim in diameter , in shape round or triangular \n inter 



Figs ‘’"’8 and ’ 9 Normal foot Jalerol and dorm plantar project on ind cat ng tl e » tea 
of sesamoi Is and acce sory ossicles (1) Os tngonuin (2) Oi su.'itentaculum propnum 
(3) Calcaneus acces or is (4) Calcaneus secundaria (5) Oss culum trochle® (6) Os t b ale 
externum (7) Cuto le-i ^eeundanum (8) Astra^lo scapho d o s cle of Pire (9) Oa m 
tercuneifomie (10) Seramum peroneum (11) Os intermetatarseum (I®) 0 lealanuin 
(13) Os paracunciforrac (14) Astragalus secundanus (15) Common sesamo Is (!0) Ears 
sesamoid 

mediate vaiiety is seen m the form of an elongated lateral tubercle vitl ^ 
bulbous tip this latter representing the ossicle that has just fused and no more 
This intermediate type is very susceptible to traumatic separation Kohkr 
has described fracture of a pointed lateral tubercle ^vlth in addition a discrete 
os trigonum ‘iccordmg to Thurstan Hotland the os trigonum raaj verv 
rarely be fused to the upper surface of the os calcis Tlie os trigonum is 
present as a separate ossicle in 7 per cent of subjects 

(2) Os Sustentaculum Propnum — ^This is described as a separate os«iclc 
forming the posterior part of the sustentaculum tali It has not been demon 
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stratcd mdiographicalJv md its eusteAoc is doubtful It \ias described 

Pfitzner 

(J) Calcaneus Accessorius — ^Tbis is said to occur is on epipbjsis for the 
peroneal tubercle of the os calcis Its existence is doubtful 

(4) Calcaneus Secundanus— This is n rare accessory ossicle When 
present it occurs ns a siinll wregwlarlj quadnlntcnl bone lying in the angle 
betueentheoscilcis astragalus cuboid andeciphoid A more common appear 
mice IS a spur projecting from the os calcis mto this angle This represents a 
fused calcaneus secundarius This spur maj end in a flat surface articulating 
A\ith the scaphoid 

All the abo\e \arieties \re xcr^ rire The usual finding is that of a clear 
space bet^\een the four bones mentioned 

(5) Ossiculum Trochleas — ^This is said to occur cm the outer suie of 
the inferior calcanea navicular (or spring ) ligament Its existence js 
doubtful 

(G) Os Tibiale Externum — ^Tlns important ossicle !•> met nith according to 
PJil Hcr m 10 per cent of individuals It is situate cIo«c to the tubcrositv of 
the scaphoid in the angle iKitucen it and the liead of the astragalus It maj 
vary from a nodule n millimetre m size up to an onl or reniform body a 
centimetre m length It is mote commonly bilateral than not but as a rule 
It IS larger on one side than the other 

Tliere are three viena as to its morphology 

(o) That It ii> A sesamoid ui the tendon of the tibialis po-tticus 

(6) That It represents a separate ossific centre m the tubcrositv of tlie 
scaphoid One ease of the author e supports this vieu u here tlie ossicle wis 
too large to be a sesamoid and m which the tuberosity of the scaphoid Mas 
virtuallj absent and apjieared to be represented by the ossicle 

(c) That it represents an old fracture of the scaphoid tuberosity 

Possibh all three types occw 

In a certam percentage of caees the presence of this Ossicle especially if 
large is associated with iwm and suellmg over the tuberosity of the scaplioul 
even m tlie absence of any historv of trauma 

(7) Cuboides Secundanum — This exceedingly rare bone lias been rtceiitl^ 
described by Dmghiand. ^chtetUbe inthesoleofthefoot between the culxudand 

eaphoid It appears in a dorso plantar radiogram as a small circulai shadow 
overlapped bv the outer part of the scaphoid It may be fused with the 
scaphoid or cuboid 

(8) Astragalo scaphoid Ossicle of Pine —This is situated on the doroiim of 
the foot between the astragalar head and the scaphoid In most cases it is 
probably merely an osteophyte separated from the adjacent margm of the 
scaphoid but is occasionally a true accessory ossicle 

(9) Os Intercuneiforme —Tins is very rare and occurs between the internal 
and middle cuneiforms dor'saUy 
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(10) Sesamum Peroneum — This bone lies m the tendon of the peroneus 
longiis ^\here tliat tendon grooves the outer surface of the cuboid It is verj 
commonH present and is always bilateral It may vary in size from a mere 
dot to an oval a centimetre or more in length and may be double 

(11) Os Intermetatarseum — This lies m the first interspace between the 
bases of the 1st and 2nd metatarsals It is excessively rare as a separate 
ossicle and a little less rare in the form of a tiny spur fused to the base of the 
2nd metatarsal 

(12) Os VesaUanum — This is an ossicle Ijing close to the tip of the basal 
tuberosity of the 5th metatarsal 

Tw 0 types have to be distinguished 

(а) An ununited ep physis for the tuberosity In this the ossicle is 
large has the sha 2 )e of part of the tuberosity and is bilateral 

(б) A small ossicle close to the tip of the tuberosity the latter being nor 
mally shaped This is the true os vesalianum 

Tile Robert Jones fracture of the base of the 5th metatarsal must be dis 
tmguished from the former 

The following liave been described but are doubtful entities 

(13) Os Paracuneiforme on the inner side of the foot m the angle bcti een 
the bcajihoid and internal cuneiform 

(14) Astragalus Secundarius on the dorsum of the foot between the 
astragalus and the lower end of the tibia It is not uncommon and probably 
results from the detachment of an osteophyte 

(lo) Os SuMibiale anoduleofboneclosetothetipofthemternalmalleolus 
Fmrbanl described such an ossicle arising from a separate centre of ossification 
for the tip of the internal malleolus but usually sucli a nodule is post traumatic 
Another a lew is tl at it is a sesamoid 

JOINT CAVITIES OF THE TARSUS 

lliese are six m number excluding the ankle joint They are of importance 
in the spread of joint infections and can all be made out m either a dorso 
1 lantar or a lateral view 

(1) Posterior Calcaneo astraoaloid — ^This is limited anteriorly by the 
interosseous ligament in the sinus tarsi 

(2) Common Cavity for the Anterior Calcanfo astraoaloid ajcD 
Astbagalo namcular Joints 

(3) Calcaneo cuboid 

(4) ?«AviciJLO CUNEIFORM — ^A compbcatcd joint space common to the 
fccapho cuneiform articulations the mter cuneiform and those between the mi 
and external cuneiform and the 2nd and 3rd metatarsals The anterior an 
liostenor portions of this space communicate between the mid and externa 
cuneiform bones 
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(o) Ooir^to> CA\m bbtueen Cuboid xsd 4th a>d 5Tir ‘Mftataksil.s, 
oxtejuliDg fon^ards betwi.en the bases of the latter 

(0) CAMTi BE'n\EE> I^TEn^AI. CUVEIEOBM AND J&T 'MeTATAIIS VL 

lo\\t:r ends of tibia and fibula, and ankle joint 

There ore three standard views foi the demonstration of these structures 

(1) Antebo posTEiuoB — TJie central ra_j through the jomt spice, the foot 
dorsiRexed to a right angle and inverted 15 to 20 degrees The mtersion is 
neces-sarj to allow for the outward inclination of the nntero posterior axis of 
tlie ankle joint 

(2) JIeOIO LATEBALi m , i . 

{<!) Litebo irBDUi.i 

Lower End of the Tibia — In the antero posterior view the shaft of the 
tibia broadens smoothlj out into the evpanded lower end On the inner 
aspect IS seen the internal raalleolus smooth on its subcutaneous surface, and 
frequcnth rather irregular at its tip where the deltoid ligament is attached 
Its deep surface is articular Usually there is some indication «i this view of 
the groo\e on the posterior surface of the mternal malleolus — a groote which 
trinsmits the tendons of tlie tibnhs posticus and flexor Jongus digitorum 
The inferior surface is articular, and shows in this view a slight median ridge 
It is continuous wath the articular surface of the internal malleolus and also 
with a small facet on the outer surface Occasionally in races which adopt 
the squatting jxisition the articular surface is continued onto the front of the 
bone for articulation with a similar facet on the ostrtgalar neck 

The outer surface preseuts a triangular depression above the small articular 
facet alreadj mentioned Into this depression the fibula fits, articulating 
below and being Ixiund abo\e by a strong interos'^eous ligament 

It IS important to note that nomially ‘daylight ’ cannot bo '=«en between 
thcMJ two bones A gap of anj size between them mdteates a rupture of the 
mterosscoui ligament 

In the lateral a icw s the antenor surfaco u. rounded and often show s a slight 
lig imentous irregu!ant> at its junction with the inferior siurface The mfenor 
surface is conenae Tlie posterior iwrt of the lower end of the tibia is m the 
form of a blunt prominence ui this view , and temls to overhang the anterior 
jiart The mtcnial malleolus is seen to be on a plane anterior to tbat of the 
external malleolus and is shorter than tlie latter 

The Lower End of the Fibula is visible in Ixith views In the antero 
posterior view its deei) surface presents from above downwards a rough 
interosseous surface, a flat articular facet, and a ligamentous fossa just above 
the tip The subcutaneous surface is smooth Epiplija^eal sc irs are commonly 
seen m Iwth tibia and fibula 

The Joint Space shoiifd Ihj clear and unot^tructed m the antero posterior 
new, extvpt tliat at times its middle section maj be ovcrhiipcd In the over 
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hanging posterior edge of the lower end of the tibia In the lateral \iews the 
joint space is overlapped by the shadows of both malleoli The average nidtli 
of the joint space is 3 mm 


OSSIFICATION OF THE LOWER ENDS OF THE TIBIA AND FIBULA 
The epiphj'e*! for these appear and fuse in the following order 

iipp *r« 111 

Lq c enloftla 1 t ‘»ti I vcar IStl >ear 

Lo rcr end orfil da n<l jear IStl Otl jear 


Occasionally a second centre appears for the tip of the internal malleolus 
{vide o a subtibiale) — ■ "" “ - ^ ' 

The lower tihnl epiphjseal cartilage Ins a slight smuoiis curve vie\ ed in 
the antero posterior position and this explains the double outline it frequently 
presents in the lateral view At times also a double outline is seen in tl c 



To 3 ) Nor 
mal adult tbal 
and fibular si afts 
lateral % ew 


antero posterior view m the medial half of the cartilage 
11ns is due to a similar anteroposterior curve in tie 
cartiUgmous plane These appearances must not be 
mistal en for fractures 

THE TIBIAL AND FIBULAR SHAFTS 
The Tibial Shaft well seen m both antero postcnoi 
and lateral views tapers graduallj from its upjer end to 
Its lower third where it gently expands into the lower end 
of the bone (Fig 230) Tins tapering is more evndent m 
the lateral view The cortex of the shm is remarkabh 
tl lek in the middle third and m that section usually 
sliow s a slight convexity T/ie posterior surface is shglitly 
concave TIic subcortical trabeculation is often ratiier 
coarse m the mid third The nutrient foramen is rarel} 
visible 

Platvcnemic Tibia — In this Tar“ anatomical vatia 
tioii the shaft is expanded from before backwards and 
compressed bilaterally It has no clinical significance 
The Fibular Shaft is so variable in its form as to be diffi 
cult of detailed description The lateral view shows it to 
be usually almost completelv behmd the tihn ov erlappmg 
the shadow of the latter only at its lower end In this new 
its anterior interosseous ridge is seen often showing mdd 
irregularities Tlie shaft has a slight concavity fonvardi 
CoxTLTERED riBTiLA —This term is applied to a rare 
variation m whicli the shaft is so compressed as to be 
almost knife edged 
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THE UPPER END OF THE FIBULA 

Ihe fibiilar head vanes considenbly in size, position and shape It is^ 
surmounted b% an articular facet which faces upwards and forwards, the 
precise obliqmtj depending on the position of the fibular head relative to that 
of the tibia If the fibular head he high it loobs fonranls and ler^ slightly 
upwards anduceiersa 

Occasionally the bead is jilaced so low tliat it fails to artieukto with the 
tibia in which case the facet is ab&ent Xormallj the liead is placed postero 
laterally to the outer tuberosity of the tibia The best view of it is obtained 
m the lateral position 


THE KNEE JOINT 

With this will he de'cnbed the upper end of the tibia the patella and the 
lower end of the femur {Figs 231 and 2J2) 

Standard Positions — Four iinj be iL.ed — the niitero posterior, postero 
anterior, medio lateral and latero medial Two at lea«t are essential m 
am case 



Fics 231 Anils'* — V lull 1o>ee ]outt m anlpro postcnoi- and lateral 
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The tw o used as a routine are 

(1) A^TERO POSTERiOK — The foot should point directly upwards The 
central raj must be accurately centred over the joint Unless this be done a 
clear view of the joint space will not be obtained 

(2) Medio lateral — ^The knee should be semi flexed the patient lying 
on his side and a small pad placed under the heel The central ray must be 
centred over the joint space midway between the antenor and posterior 
surfaces of the limb Centring too far forwards or backwards results in an 
oblique distortion of the shadows of the femoral condj les 

(3) Latero MEDrAL — ^As No 2 but with the tube below the couch 

(4) PosTERO A^TERIOR — ^Hiis IS used only to show the patella 

The Upper End of the Tibia — In the lateral view there is to be seen 
anteriorly the promment tubercle of the tibia varied m shape but smooth in 
contour The patellar tendon can be seen passing down to be attached to it 
Above the tubercle the contour of the bone is smooth and its junction wnth the 
upper contour is rounded Tlie upper contour is complicated by the shadow 
of the tibial spme pomtmg upwards m a blunt peak Below this the articular 
margins show as superimposed slightly concave lines The posterior contour 
IS rounded The upper end of the tibia o\erhangs the shaft posteriorly a 
point clearly seen in this view 

In the antero posterior view the upper end of the tibia presents the two 
tuberosities lateral and medial the former being if onj thing more prominent 
Ihe superior contour is formed by the two articular facets Their lateral 
concavitj is evident in this view and their antero posterior concavitymdicated 
bj the anterior and posterior marguis bemg visible as separate hnes 

Separatmg the facets are the twin upward pomtmg peaks of the tibial 
spine The medial is usually slightly higher and the points blunt The> 
become spiked in earlj osteo arthritis The facets extend upwards on 
to the spme 

The mtemal architecture of the upper end of the tibia should be visible 
consisting largelj of a longitudmal system of pressure stria. An epiphyseal 
scar It) commonly present 

The Lower End of the Femur — In the antero posterior view the femoral 
sliaft IS seen to expand into a roughly quadrilateral mass the lower end The 
lateral aspects of the condyles form the lateral contours The medial extends 
higher than the lateral and ends above m the adductor tubercle Frequentlj 
the lateral sliows a double contour the posterior articular edge of the condy e 
being visible through the bone 

The inferior articular surface is smooth and saddle shaped 

The lateral articular margins are rounded off abruptly but smoothly into 
the lateral contours of the bone 

In the lateral view the condylar outlines are superimposed and presen 
two curved Imes These lines form a blunt angle with the anterior surface o 
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the bone nnd commencing as a gentle currc increase m convexity bad wards 
to form the promment postenor portions of the condjles 

Inside the tno condylar lines is "seen a third less regular U shaped line 
The posterior half of this shadow is cast by the cortex of the floor of the inter 
condyloid notch the anterior half represents the snbcartilaginous cortex of 
the medial grooxe of the trochlear articular surface The ends of this lint 
blend above with the cortex of the shaft 

The Patella is best visible m the postero anterior and lateral views 
In the former it is «een tlirough the sliadow of the lower end of tlie femur, 
and has the shape of a rounded triangle apex downwards It i*? m this anew 
that a stellate fracture without «ieparation i*> best seen 

In the lateral view the patella presents two borders upper and lower and 
two surfaces superficial and deep 

The suxierfieial contour of the patella is smooth and coni ex beconnug 
rounded off above mto the upper border Here it is freqiientU roughened for 
attachment of the superficial fibres of the quadriceps femoris tendon This 
tendon should be visible being denser than the suprapatellar synovial pouch 
undemeatli it The lower border is more jiomted and runnmg down from it 
18 to be seen the patellar tendon Tlie deep surface of the patella is m its upper 
two thirds concave and articular Below this portion and separated from it 
IS a rough non articular surface 

The stnicture of the patella is best studied in the lateral view Two 
layers of tension stnai are present The superficial subcortical one is the more 
marked and is designed to take the stress of the quadneeps A shorter less 
defined ststem hes below the articular cartilage The«e two sa stems are 
buttressed apart by a pressure sy'stem spreading forwards fanwi^e from the 
lower part of the articular surface 

Disturbance of the normal internal architecture of the patella mai gi\e the 
clue to an old healed fracture 

Esiabcinatio> of the Patella — Under this name Aemp^ou has described 
a coneavjti in the outer margin of the patella in its upper part bounded by a 
tubercle above and a spine below It is an anatomical xanation and is 
related to the mode of attachment of the tendon of the vastus extenius 

Congenital absence of the patella has been recorded A less uncommon 
abnormality is congenital outward dislocation of the patella 

pATfXLA Befaktita A^'o IIdlitpabtita — ^In this variation the upper 
outer angle of the patelH is discrete from the mam mass The small fragment 
mvy ogam be subdivided It results from the failure of multiple o&sific 
centres to fuse It is usnsHj bilateral and it' bilateral nature «enes to 
dutinguish It from an ununited fisnired fracture 

The Fabella — ^This is a small rounded sesamoid bone in the outer Iiead ot 
the gistroenemms muscle Its anterior surface is usinlly flat and facetted for 
articulation with the poatenor surface of the external femoral condyle It 
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vanes m size its diameter being from i to cm It is present m about 
per cent of individuals Veiy rarely one is aUo present in the inner head of 
the gastrocnemius It must be distmguished from a loose mtra articular 
osseous bodj from -tthich its position usually sertes to distinguish it In the 
lateral view it lies behind the condole separated from it by a few rmUiraetres 
A loose body in the posterior part of the joint lies closer to the condjJe or is 
overlapj ed bj the shadow of the latter In the antero posterior view the 
shadow of the fabella is seen through that of the external condj le 

The fabella is as a rule bilateral and does not appear before the Pth 
to loth year It maj show lipping and deformitj m osteo arthntis of the 
jomt 

The Joint Space of the Knee — ^This vanes in width inversely with the age of 
the subject and directlj wnth its size In the young adult its width is m the 
region of 5 mm The space is due entirely to the thickness of the articular 
cartilage proper The semilunar cartilages take no part m maintaining it 
The latter raerelj fill in the gap between the articular cartilages margmallj 
and removal of a meniscus causes no narrow mg of the space 

Soft Tissues around the Knee Jomt — Antenorh the quadriceps and patellar 
ligaments are clearly seen m the lateral view Deep to the former is visible the 
suprapatellar synoaial pouch This is thrown into further relief if it be dis 
tended with fluid Underneath the patellar tendon is a rhomboid space that 
occupied bj the infrapatellar pad of fat Mottimg due to this fatty tissue i» 
normal In chronic villous arthntis this mottimg is marked Posteriorly 
the outimes of the heads of the gastrocnemius are apparent and their anterior 
borders mark the plane of the joint capsule The semilunar cartilages cannot 
be made out in a plain radiogram consequently displacement of a meniscus 
gnes no direct radiographic sign unless a bonj spicule be also avulsed 


OSSIFICATION IN THE REGION OF THE KNEE JOINT 


The ossific centres in the region of the knee joint appear and fii'se at the 


folloivmg tm es 

t buJar head 
T b al head 
Lower end of femur 
Patella 
Fabella 


App are. lusts. 

3id-fith jear "Oth year 

Just before or after birth 1st }ear 

9tb iiKintb 20th "ndjear 

nd 5th>eflr 
J2th 15th jear 


The Fibular Head ossifies from one centre which appears between the 3rd 
and 5th years and fuses with the diaphjsis at about the 20th year 

The Tibial Head also develops from one centre At first round it graduallv 
assumes an o\al shape at the same time detelopmg a nodular contour In 
the earh stages the outlme of the adjacent metaphysis is convex and much 
wider than the ep physis Later the epiphysis takes on the adult si ape ^^th 
the tibial spme and the two tuberosities (Fig 233) 
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Alwut the oth-lOtli %e'ir there develojhs 'i dott-nwartl projecting fongne 
fiom the front of the epijihysis to form the tibiil tut>ercle A recognition of 
the varied forms which tins epipliyse^l 
tongue miv take is of great import 
atice in determming the pre'-ence or 
otherwise of Schlatter s epiphjsitis 
In this nrspect it should he noted 
tint the low“r part of the epiphv'^-nl 
tongue imv liave a separate ossific 
c-entre mere fragmentation of the 
epipht IS therefore does not neces 
sanU indicate an epiphjsitis Agam 
the cpiphvsis is frcqucntlj separated 
from its diaphv*!eal ted bv a space 
and f^ie ‘ipihssrtiice ts t£ it fn<i 
li^en lifted from its bed b\ the pull 
of the patellar tendon This i» a 
normal appearance and must not be 
mistaken for a traumatic lesion In 
the studs of this epiphjseal tubercle 
It is quite es ential to take a control 
radiogram of the other aide and even 
then a correct decision can sometimes 
Ije arrived at oniv bv a consideration 
of the local cUnical «igns 

Patella —The patella osaifies nonnallj from one centre The centre is very 
V amble m its time of first appearance As a rule it is first visible during the 
2nd or 3rd year but may be delayed as long a<5 the 6lh Rareh two or more 
centres are present If these do not fuse a bi or multipartite patella results 
In the early stages of its ossification the patella presents a remarkabh 
nodular outline in a radiogram reminiscent of the outline of a mulberry 
urmarv calculus As ossification reaches its completion this irregularity 
gradually djsvpp’ars O.'sificatjon is usuallv complete ibout the loth Vear 
Lower End of Femur — ^Tlns o&sifies from one centre This centre is of 
obstetric interest inasmuch a« its presence is generally accepted as proof 
of the matuntj of the fa.tus It normalh appeare durmgthe ninth month of 
Ultra uterme life but according to AoWer luav be delayed as long as the 3rd 
month of extra uterine life At birth it is about 3 o mm in diameter As 
growth progresses it assumes an oval shape and later gradually takes on the 
adult bicondjlar form In its earlier stages it prevents tlie irregular or 
mulberry contour normallv seen m so many of the developing epiphyse* 

Tht contour of the adjacent metaphy “sis js convex and its margins ratlier 
IKuntcd m the earlier stages of the epipUvseal development The presence of 
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a sharp spike at these margins is not uncommon but sometimes lesults from 
a degree of minor trauma such as a mild epiphyseal strain 

The Icnee bemg the growmg centre for the lower hmb the lower femoral 
epiphjsis fuses late uniting between the 20th and 22nd years 

THE SHAFT OF THE FEMUR 

The femoral shaft appears smooth and cjlmdrical with a thick well 
developed cortex Although ui cross section it has the form of n rounded 
trnngle this is not e\Klent in a radiogram 

In the anteio posterior view it is quite straight and narrowest at its middle 
where its cortex is very thick It increases gradually m tliicl ness as it 
approaclies the lower oxtremitj the cortex becoming thinner at the same time 
It joms the lower end at a slight angle Towards its upper end the shaft also 
widens to a lesser degree than below 

In the lateral view the shaft shows a gentle convexitj forwards Tlie 
posterior contour maj be aery slightly irregular but as a rule no trace of the 
linea aspera is visible In the anomaly known as the pilastered femur the 
linea aspera is verj prominent and shows in a radiogram (tide infra) 

Platymeric Femur — In this rare anomaly the shaft of the femur i» 
flattened somewhat from before backwards below the trochanters Its caum 
and significance are unknown 

PiLAbTEBED Feaiub — ^This IS also a rare abnormality m winch the whole 
bone IS hoavilj sculptiu-cd with the normal ridges accentuated In addition 
the articular margins of the liead are lipped The pilastered feimu is found 
m individuals of great muscular development 

THE HIP JOINT 

There are four standard antero posterior positions for radiographing tins 
joint In all the central ray passes through the joint 

(1) Normal — ^Feet together toes pointing upwards Tlu-> gives the 
most satisfactory general view and should always be used in routine work 
(Fig 234) 

(2) INTER^AL Rotation of the Femur 

(3) External Rotation OF TJiL Femur 

(4) Abduction of the Fesidb 

The appearances in the normal position will be described and the variations 
m tlie other positions briefly outlined subsequently 

The lateral v lew of the femoral neck latero medial or medio lateral w ith 
the leg abducted is used to check the insertion of a peg in fracture of the neck 

The Upper End of (he Femur — On foUomng the femoral shaft upwards it 
IS seen to w iden gently and end m the two trochanters On the miier bide the 
lesser trochanter presents a smooth round prominence The greater trochanter 
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has a roughly (juadnlatcral outlmc with blunt angle* The tip of the ti-o> 
chanter lies above the contour of the femoral neck, and the digital fo«ST can bo 
made out between the superimposed shadows of neck and trochanter 

The femoral head has a eireular or slightlj oval contour lutemiptcd medi- 
ally for about half an mch bv the 
depression of the fovea capitib The 
inner half of the femoral head is 
o\erlapped bj the shadow of the 
icerxibulum On rare occasions tlie 
irtieular surface of the head evtends 
on to the outer surface of the neck, 
forming the cminentia artieidaris 
coHi femoiTb 

SxRrCTrtTBE OF TITE UffEP. Ex1> 

OF TJiE Ffaictr — Tlie architecture 
<if this IS clearly visible in a radio 
gram Tho cancellous lauiellio are 
•.o amnged as to withstand the n 
pre«surc of weight J^earing ’’ 

(1 ) In tlie head proper a senes of 
bon> hmell® cotuerge to a den«e 
wedge or triangle (Ward s trnngle) 
of cancellous ti<«iic in tlic Diiddle 

^ Ihis ccntnl wedge represents the 
- cpiph%''‘eal scar 

(2) From this scar a fin of 

[imell^ spreads downwards to join 
the side of the neck The*® stri'c 
are strongest and best marked on fk J3i— - 4<iuit lup joint Antcro po-tcrior 
the inner side, where the cortex of view 

the neck is thick and strong 

(3) A third senes of stri® extends firom tho region of the digital fossa to the 
iesj^r troehanfer itnd 

(4) A feebler band cros&cs the base of the great trochanter These two 
form the uppermost of a senes of arched hmellaj extending across tlie upper 
end of the shaft 

(5) Tlie calcar feniorale, or femoral spur This is a strong plate of bone 
endiedded in the femoral neck It takcb its ongin from the cortex just m front 
of the small trochanter, and remforees the xerticnl lamella; m the inner side of 
the neck It is well seen in a radiogram 

TKA>SLrcEXCiL.s i> TOE Feuopai. Heai> — T wo translucent areas are 
uormalh visible in the femoral bead, on the mner and outer asjiects clo-e to 
the neck Thej are boimded mednIU b\ tbe acetabulum, and Ijclow b\ the 
xRnr—lO 
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epipli} seal scar They result from a thinner mass of bone to be penetrated b\ 
the X rav on the periphery of the femoral head and must not be mistaken for 
pathological translucencies 

The Acetabulum — ^This cavity cup shaped for the reception of the femoral 
head is seen obliquely in the normal view Starting at the upper outer 
margin seen in profile three oiitlmes can be traced downwards 

(а) The innermost is a dense semicircular line following the contour of the 
femoral head and represents the cortex of the floor of the acetabulum In its 
upper part it is separated from the femoral head by a space of 4 5 ram in the 
adult — the joint space With increasing age this space narrows from absorp 
tion of cartilage Opposite the fovea capitis this line bulges mw ards slightlj 
and IS often broken Below this it ends in the cotyloid notch In its inner 
half this line is crossed by another curacd line which sweeps from the brim of 
the pehis and represents the cortex of the pelvic wall 

(б) The middle line concave outwards is east bj tlie anterior lip of tlie 
acetabulum and also disappears at the cotyloid notch 

(c) The outer line formed by the posterior margin of the acetabulum 
more or less straight roughly bisects the femoral head and ends below in the 
outer contour of the ischium 

Shentox s Lr^E —This line is plotted out by following outwards the 
inferior border of the shadow of the ascending pubic ramus and continuing 
outwards and downwards along the medial border of the femoral neck It 
forms a regular curie both in the normal position m adduction and abduction 
Its regularity is disturbed m a wandering acetabulum coxa vara coxa 
lalga or upward displacement of the femoral head from any cause and it 
forms in accurate test for the presence of such conditions 

Variations in the Radiographic Appearance in the Three Other Positions — 
In internal rotation of the femur the neck is seen in its fullest extent and the 
lesser trochanter almost disappears behind it 

In external rotation the neck is foreshortened its sliadow partly overlaps 
that of the great trochanter and the small trochanter comes well into profile 
In abduction the appearances m the above are exaggerated and the tro 
chanter and neck are almost in line 

In all the above news Shenton s line retains its regular arch 
In the abducted latero medial and medio lateral news the femoral shafts 
trochanters and neck are brought more or less into Ime 

OSSIFICATION IN THE REGION OF THE HIP JOINT 
Tliree epiphyseal centres take part in the formation of the upper end 
of the femur one for the head and one for each trochanter The neck b 
diaphyseal 

The Epiphysis for the Head appears dunng the 1st year and fuses w ith the 
necl about tl e 18th to 20th year At first a rounded nodule of bone by the 
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3rd 3 ear Jt lias assumed a semicmnilar outline, the ju\ta metaph3’seal surf'ico 
being more or less straight and honzontil Bj the 10th jear the bone has tlie 
appearance as though the inner and louer part of the head were dnphjseal m 
origin, but ns growth progresses the epiphysis grows inwards and downward- 
to cap the inner portion of the neck, and to form the whole of the articular 
surface Theepiphvseal cartihgeistlmseveiitiiaDy somewhat domed or tented, 
and after fusion of the epiphysis leaves a^milarh sliaped epipliyseal scar 
The Epiphysis for the Great Trochantel appears about the 3rd to oth year 
Several ‘iuocessivo discrete centres may form m line, and these soon fuse to 
form a single nucleus The epiphyseal cirtihge shows ns a straight line 
inclined upwards and inwards at an angle of about 45 degrees Soon the 
epiphysis assumes a pvraraidal sliape to form the upper and outer half of the 
trochanter The base is diaphyseal m origin Fusion occurs between the 
ISth and 20th years 

The Epiphysis for the Small Trochanter is variable in its time of appearance, 
from the 8th to the 14th year Tlie 12th year is tlie commonest time It i« 
a cupped scale epiphysis, and fuses about the 18th to 20th year 

The Acetabulum — ^The Uire© primary centres for the innommnt© bone 
grow down into the cartilaginous acetabulum in the form of blunt angular 
segments and together form that canty m the following proportions 
(1) Iliac centre yths 
{2) Ischnl centre, yths 
(3) Pubic centre, ytli 

&parating these three processes is the Y shaped cartilage 
At the agea of 1 to 3 all three luuba of this cartilage may be seen but that 
i>etween the ischium and pubis soon becomes obscured in an antero posterior 
radiogram by the overlappmg of these developing elements The two upper 
more or less hori/ontal limbs remain visible until fusion Tlie contour of the 
iliac segment of the acetabulum is normally nodular and irregular from the 
oth up to about the 12th year 

About the 12th or 13th year small centres of ossification appear in thelnnbs 
of the y shaped cartilage Tliat between the ilmm and pubis is the best 
defined, and forms the anatomical os acetabuh About the 18th year the os 
acetabuh fuses with the ihiun and pubis and, shortly after, fusion takes place 
in the other two limbs The term os acetabuh is aUo applied to a small ossicle 
lying close to the upper outer margin of the acetabulum 
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CHAPTER Xiai 

THE XOinrAL ^niTEBIUL COLUMN AM) PELI IS 

Tub norm u spuie consist? of 33 vertebre grouped according to thcirsituKtion 
as follovis 7 cervical 12 dorsal o lumbar, ■> «5acml and 4 cocojgeal The 
bicr vl and coccagoal group? fu«e in the adult to form two bones, the sacrum and 
coccyx uhile tl»o othergroups remain separate tljroiJgliont life Tli© separate 
vertebr'o u ill be considered fin»t 

OSSIFICATION 

riie C'^ntial parts of a vertebra arc the bodv and the arch These oasify 
Irom three prjmar 3 centres one for the bod} and one for each side of the arch 
Ossification of the arches begins m the seaentb ucok of fatal life in the upper 
cr\ical aertebrjD and spreads rapidly downwards O'sification of the bodies 
fjcgins tiro or tlireeireeka later m the mid-dorsaj region and spreads upirard? 
ntlicr more rapidlj than downwards 

At birth the tw o arches are still separate from each other and from the body 
of tlic \ertcbra The arch centres fuse between one and seven years The 
fusion betw cen the arch and body takes place m the cervical region in the third 
y tar and m the lumbar region in the sixth year In or about thoageofpubcrti 
fi\ c secondary centres appear , viz one for cocfi ^mns^ er«e procc^'s one for the 
bpinoii? prott'^ and one each for the «iijpenor and inferior rims of tlie vertebral 
IhkIj JCormally all the«« epiphyses tro firmK united at the age of 23 years 
The aboxc description applies to all the vertebrii except the first, second 
iml ‘'C^cnth cervical Xhc atla« ««* ossified from onH three centres and 
« omplcte fusion of the«e occuia. foirh cariy in life The avi? os«ifies from five 
primary centres one from the Ixidy, two for the arch and two for the odontoid 
proccis "^condary centres dexelopforthctipof the odontoid at 2}ear8and 
for the inferior rim of the lx)d\ aliout puberty 

Tlic soi’enth cervic.il ?'crtehm ib peculiar in having an extra pnmary centre 
iur eaclt co''t il process v- 
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Fig ’3a — LiittrttI doi al apire of on 
adult sliowing the compact I onyrimof the 
bodies cleatlj 

(o) ttto cartilage plates wJiicli he 
flat oil the cancellous bone of eacli 
body (6) a structure knoun as the 
annulus fibrosus uliicli is a dense 
fibro cartilaginous iing attached to 
the nm of each bodj and (c) the 
nucleus pulposus a soft oval gela 
tinous mass l>mg in the centre of 
the annulus fibrosus It is obMous 
that the integrity of a structure like 
this can onlj be iimntamed if the 
cartilage plates are adequateU pro 


THE INTERVERTEBRAL DISCS 
Until comparatively recent times the 
spme -was regarded as a semi rigid 
column with a very limited range of 
movement We now know the fallacy 
of this idea, and recognise the importance 
of the intci vertebral discs which are 
really a senes of strong joints permitting 
a w idc range of movement Unlike 
other jomts of the human bod\, tlie 
joints between the vertebral bodies are 
subject to a constant and heavv strain, 
and nature has adapted them accor 
dmgly There arc three chief differences 
between the intervertebral joints and 
other joints (1) there is no true joint 
space , (2) the joint cartilage is supei 
imposed directly on cancellous bone, and 
not on compact bone , and (3) there is a 
scmi fluid gelatinous nucleus which can 
expand and contract and which consti 
tiitcs the essential pivotal jiomt of an 
intervertebral joint 

There are three essential parts m « 
joint between two vertebral bodies 



FIg 230 — Anteroposterior Me"" ® 
Jotter dorsal \ertelia m a ehiH Tic 
bubble effect js particularly «ell ‘ho 
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tcctcd and if the anmiltis fihrosus attached to an un^aeldjtig Ince 

To meet this need a dense compact Imiiv nm is formed on tlie suiienor and 
inferior jiarts of the hodj (Ijg 23 >) TJie tlcvclopmcnt of tins nm from 
secondary centre^ produces etirious \ nj appcaruiccs On the surf kts of each 
\crtcbral bodv in children there arc a mimltcr of 


prooacs radiating m cart wheel fasliion from n 
central point 'nic«e grooves are deeper, longer 
md more numerous towards the anterior part of 
tho bod% Each groove contains hvnhnc cartilage 
in which develops one of the small sccondarv 
centres for the lioiu nm , i e the bonj nm of a 
vertebra i>. developed from multiple cciitres and 
not from a single centre as is commonlv taught 
In regions hhc the satnim where the vertebral 
liodies cvtntnalh fii'C and there js no need for a 
>tout Iwnt nm these grooves arc slight and 
•.hallow and maj not number more than two or 
throe In tho doivnl region where there is most 
movement the grooves are verj deep and there 
mav lie as manv as seventeen oi oiglitcen In both 
vntcro posterior and lateral views of a cliild s spine 
the«o grooves are clcarl} visible In tho anloro 
posttriorview tliov api>carasan>w of hubWchOn the 
superior and inferior margins of the lx)<h (iig 23fi) 
ind in the lattral view ns transhieont areas liotncon 
liijcrs of fiiirlv dense Iwne 

VARIATIONS IN THE CHILDS SPINAL 
COLUMN 

rill lateral radiographic view of a child a hpmt- 
-‘liowfc remarl able van itions vihieh are not constant 



lor n_o or eov. or ru-C in infints the vertebnt 


liodiLs an bobbin shaped and while some apjicar to "i* — NoumI Io»nvi 

lx conipletch ONSified others show n large anterior ^Uu^ral \ e*v"*^* n p 

notch Vp to the age of I vear the degree of shiikfOrlo ei\tnci-inr 
).,sifitntion appi ars. to lie rather haphazard 1 here ' ••li 
IS often a deep niiimw sht running through the 

middit of each IkkIv (I'lg 2J7) It is now gemnilK accepted that this sht 
ivpri«ems the clniniLl of a diploic vein and is analogous to the diplou 
veins \i\ the skull In manv casts there are deep notches in the anterior 
[Kirts of the Iwdic- this notching proilncing a htep like effect (Tig 22fi) In 
t ich of these not* lies an o sjficd nucleus, ftir the Iwnv lip of the fxvdj appears 
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Fio 3S I atersl \ic\v ofa lo cr<lon>al 
\ertc> ft a cl ! I hI ou i ^ tie at p I ke 
effect 


later le ^ve arc seeing end on one 
of the centres for the bony nm to 
tvhich IS attached the annulus fibrosus 
The time of appearance of tliese 
ossihc nuclei vanes verj inucli As 
a rule they are first seen between 
the ages of 10 and 18 jears but 
they liave been recorded as earlj as 
G years and in many cases they are 
never seen at all The frequency and 
extent of these variations hate led 
some ttorlers to question whether 
this step like effect is in fact normal 
and it has been suggested m some 
quarters tint 



quired dis 


tiirbance of normal ossification Tins latter aiew 
lb at tlie moment a minority one 

THE X RAY APPEARANCES OF THE ADULT 
SPINAL COLUMN 

In the antero posterior view of a vertebra we see 
clearly the body with the shadow of a spinous 
piocesa projected through the middle of it This 
spinous process belongs to the vertebra immediately 
above except in the case of the fifth lumbar 
vertebia On each side of the body the transverse 
processes sticl out at right angles The pedicles in 
this view appear as oval or circular rings Above 
and below the pedicles are the superior and inferior 
articular processes Generally speaking a vertebra 
IS always as big as or bigger than the one imme 
diately above it In the cervical re^on the pedicles 
are oval and in the lumbar and dorsal region they are 
circular In adults the medial aspect of the pedicles is 
always convex but in children there are considerable 
variations and it may be concave The distance 
between the pedicles is greatest at the cauda equina 
and Hi the cervical and lumbar enlargements It 



is least in tlie mid thoiacic region Alterations in the , „ . i i„ .ai 

® |cj[, jSS Vornal ‘ 

shape of the pedicles or in the mterpedicular dis gpneofcl ilefeed lo years 
tance may have great diagnostic significance antero poste or% ee 
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In the lateral view ^\e see the bodies of the rertehraj as dense rect> 
angular masses , behind tliem the pedicles separatmg the mterrertebral 
foramina, and behmd these again the spinous processes The direction 
of the intervertebral forannna varies «i different parts of the column 
In the cervical region the foramina run obliquely, in tiie dorsal region 
more laterally, and in the himbar region 
they run m a true lateral plane Anj of 
the secondarj centres of ossification may 
remain separate 

VARIATIONS IN THE ADULT SPINAL 
COLUMN 

Trivial congenital malformations are 
lelativeh common m the vertebrae, ami 
although these cannot propcrlv be con 
sidercd as normal the fact that they are 
mptomless and innocuous uarrants their 
inclusion in this section Incomplete 
fusion of the arch of the atlas is relntivelj 
common Tins cleformitv la best seen m 
oblique vieire. or m stereoscopic lateral 
views S^Tiostosis between the atlas and 
occiput la rare Occasionally there is a 
transparent fissure between tlie odontoid 
process of the axis and the anterior tubercle 
of the atlas , this m the antero posterior 
Men gives the nnpressiou of the odontoid 
lieuig split in two The •spinous processes 
of the second, third, fourth and fifth 
c-ervical vertebrae show marked irregu 
linty. The second, of couiNe, is very big 
and long, while the next three are veiy 
short All four, however, are frequently 
bifid Persistence of tlie epiphysis of the 
‘■ivth cervical spinous proce&s lias lieen described bv KoJtkr and closely 
resembles a fracture 

The transverse processes of the seventh cervical vertebra are much longer 
than the transverse processes above, and sometimes than those below These 
processes run at an acute angle to the transverse processes of the first dorsal 
V ertebra Not infrequently they are of unequal length on either side, and care 
should be taken that the long one is not diagnosed as a cen ical nb If, how - 
ever, a transverse process of the seventh cervical vertebra projects well 



FiQ 210 — Normal antero postenor 
Mevr of the lumbar spme of a cl»W 
ased 10 years. 
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bejond that of the first dorsal and is also do\vn\\ard turned and pointed 
It may represent a fused cervical nb continued as a fibrous band to the 
middle of the first true nb This band maj produce pressure Persistence 
of the secondary epiphysis for the transverse processes is often seen 
Incomplete fusion of the arch of the seventh cervical aertebra is not 
uncommon and occasionally the firet dorsal vertebra is similarlj affected 
From a studj of over 10 000 chest radiograms the 
•writer estimates the frequency of this anonialj 
at 1 m 600 Newman once obsen ed such 
incomplete fusion of the arch of C 7 in a patient 
with Raynaud 8 disease It is piobable that 
this was a pure coincidence 

The only common vaiiation seen in tl e dor«al 
vertebree is persistence of the secondary centres 
for the transverse processes Rareh persistence 
of one of the rim centres is observed m the 
lateral view Tins is seen as a small well defined 
triangular piece of bone apparentlj separate 
from the superior or mfenor edge of the bodj 
The twelfth dorsal vertebra is often large and 
ver> similar to a lumbar vertebra IVl en this 
IS so the fifth lumbar vertebra is usually sacra 
hsed to some extent In such cases tlie twelfth 
ribs are missing Persistence of the secondarj 
epiplijses of the transverse processes of D 12 and 
Ll js very common Absence of the spinois 
jirocess of the twelfth dorsal vertebra is a ver} 
rare malformation described bj Kohltr 

The chief malformations seen m the lumbar 
vertebral are irregularity of the transverse pio 
cesses These vnry considerably m size and 
not infrequently their secondary epiphyses 
remain unumted So called sacralisation of one 
or both transverse processes of the fifth lumbar 
vertebra is a well known anomaly The iffected 
transverse process or processes are very wile 
and thicl and are completely fused to tbe sacrum or form a jou t with 
tlie transverse processes of the first sacral vertebral It is very doubtful if 
this disturbance of ossification should be included here as it is sj often 
associated with bad ache and sciatica The same remark applies to siina 
bifida occulta of the fifth lumbar vertebra which is also common an 
believed by many to be associated with minor nervous disorders such as 
nocturnal enuresis 
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THE SACRUM AND COCCYX 

The sacrum is composed of five sepante \ertebr'e Mhich fu^e together to 
form one Jarge bone It is shaped like an m\erted triangle base upwards 
Its dorsal surface is rough and uneven while itspeh ic surface is smooth Like 

other vertebre there are three pnmtrj centres of ossification at birth for each 
sacral vertebra) viz one for the bodv 
and one on. each side for the lateral pro 
cesses Sccondarj centres appear on the 
upper and loner surfaces of each bodj at 
pubeita these fuse nith the bodies and 
the bodies fu'e nith each other betneen 
the ages of 18 and 2o jears Other second 
arj centres appear on the ends of the ccstal 
and true tran^aerse proce'^.ses at the a^e of 
18 a ears It is usually impossible to 
dciu jnstnto anv of the sacral secondary 
cpipl \ses b> wdiographj 

In an antero posterior vi*m of the 
sicioim ue see the constituent jarts 
cleorl) The bod} or central part lie 
cause of the fused spinous proce'* es 
behind appears mucli denser than the 
lateral masses Between the bodt and the 
1 iteral ma'sses on cither side arc the foui 
sacral foramina In rare ea*!es the sacnmi 
and cocc}'\ are fused and there npjicar to 
be fno sacnl foramina 

The spines of the sacral vertebra) arc 
usual!} fused to form a thiel bonj ridge 
but as the loner tuo sacral aertcbr'c liaae 
no tnio posterior arcliea the rough spine 
stops short at the level of the fourth 
torimma and from it run dorni two blunt i i . . 

, , , FlO "4 — Nor nal lateral \ e of 

iKins ] rojections known as the sicrai a) jt Jo or lumbar pne 

cormn 

V greit aoirieta of congenit il nnomahes occur in the first sacral lertehr'c 
lucomj lete fuMon of the arcliisxcij frccpient and often associated with spma 
bilula < ecuha of il c fifth lumlvar vertebra This deformitj mav l>e associated 
with nunor nervous distiuliance such as nocturnal enuresis or even with 
mcontmcnco Minor maKorinnli ns orcvennbsence oftliefir t sacra] spinous 
process are ver\ common and are of no significance OccisionalK the first 
sacral vertc) ra tends to Ix'lumi armtvjie i e oneorbotlu fits lateral masses 
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remains free and forms an mdependent part of the sacro iliac jomt Rarel) 
the centrum maj also he separated and a disc pressed between it and the 
second sacral body 

The coccyx lihe the sacrum, has the shape of an mverted triangle and 
usuallj made up of four incomplete vcrtebriB fused together The first verte 
bra ^hich articulates Mith the sacrum is the largest and possesses a pair of 
processes projecting upwards known as the coccjgeal cornua There are 
usually well marked transverse processes for the first and second cocc}geal 



veitebrJB Considerable aariations occur in the number and size of the lower 
coccjgeal vertebra In most individuals there are only three which appear 
to be little more than rudimentary bone nodules but as many six bai e been 
described The direction of the coccyx in the pelvis also \ anes enormously in 
different mdi\aduals Such difiirences may be congenital or may be acquire 
during parturition and are often wrongly attributed to direct trauma Unless 
an obvious gross lesion is present it is usually impossible to tell by radiograp ^ 
whether the cocc\ k has been injured or not Fortunately the debata e 
question of normal or ti aumatie displacement of the coccyrc has not yet reac i 
the law courts 
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THE PELVIS 

Tlie bonj pel\ is is composed of tvo Iiip bones, the sacnun incl the coccj'\ 
Eich hip bone is couipased onpnally of three distinct bones the ilmm, the 
ischmm, and tlie pubis In the adult these three liones are fused together at 
the acetalmlum O'SiCcation occurs from three pnmar} and se\ enl secondarj 
centres The primary centres appear in the third month for the iliura, mthe 
fourth month for the ischium, and in the fifth month for the pubis The second 
arj centres iibich appear about pubert> are as follows tno or three foi the 
triradiate strip at the acetabulnm, one or two for the iliac crest, one for the 
anterior inferior spine, one for the ischnl tuberosity, and one for the symiihj seal 
part of the pubis 

The anatomical variations of the hip bones are feu and seldom gi^e rive to 
radiological difficulties The epiph\sis of the anterior inferior spine occasion* 
ally remams ununited The ilium vanes con^idcrablj iii tliickncss and not 
infrcQucntly linear areas of tnnshicency arc seen running across it These 
linear markmgs are caused b} nutnent vessels Compact bone islets are mreh 
seen m the hip bones lU-defined translucent areas due to gas m the bouel 
arc easy to identify and can be displaced by compression 

The size and shaiieof the normal female pelvis are of the greatest imiiortanee 
in obstetnes Tlle^ are dealt vitli in Vol I, Part 6 



PART THREE 


SECTION ir 

THE GENERAL PATHOLOGY OF BONE 

BY 

S L BAKER, PhD MSc M R C S LRCP 
CHAPTER XVIII 

IHF GENERAL PATHOLOGY OF BONE 
INTRODUCTION 

Bo\e has one outstanding peculiarity' which is not found m the other tissues 
of the body — it is composed of well defined fragments deposited at different 
times during the life of the individual The whole skeleton as was first 
pointed out to» Ebner (1876) is made up of a mosaic of microscopic frag 
ments this structure being produced by continued alternations in the processes 
of bone erosion and deposition Tliesc processes are very active during the 
period of growth when great changes m the size and shape of the bones are 
in piogress but thet continue in a less active form after the growth period 
and even into old ago The fact that the bones although mechanically stable 
and rigid are subject to continuous microscopic change was realised as soon 
as an adequate histological study of their structure had been made Tlie 
normal mechmisin of bone erosion and deposition during the growtli period 
was studied extensively by KoeUtker (1873) and Pommtr (1885) pomted out 
that these changes continue m a less active form even into old age 

In recent years these same facts have been studied from a different angle 
and w ork on calcium metabolism has shown that there is normally throughout 
life a contmuous loss of calcium from the skeleton — corresponding to the 
continuous process of bone erosion by osteoclasts pointed out by Pominer 
This calcium loss is normally made good by the deposition of fresh bone 
during the growtli period bone formation exceeds erosion in adult life 
the two processes are approximately balanced in old age the process o 
bone formation lags behind that of bone erosion and a senile osteoporosis 
results 

It IS well established that in addition to age variations the balance between 
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erosion and deposition is influenced stresses and strains on the bone, ivith 
the result that bone tissue tends to be distnbuted along the lines of force 
and thus arranged to the best mechanical advantage 

In some cases our knowledge of the mechanisms controlling bone structure 
has been derived from the studv of normal bones, but m manj cases it ts deriv ed 
from the studj of pathological changes which result from the disturbances of 
mechanisms who'e cristence would othennse have remamed unsuspected 
This la the ca'se in such conditions as acromegaly and hj perparathj roidi&m, 
studies of which have revealed the important mfliicnccs of the pituitary and 
the parathjToid glands on skeletal structure Tlie part phyed bj ntamm D 
m the normal mechanism of bone calcification could only iiav c been discovered 
bv tlie studj of rickets and osteomalacia 

Viewing pathological processes m this light we see that m general they 
represent either failures or distortions of one or more of the normal body 
mechanj«;ras , in other words, the bod> does not invent new cellular mecrh- 
oiusms w hen confronted by disease or accident 

The reactions of bony tissue form no exception to this general nfle We 
see m di^c'^'^ed bones, fii^tlj, pathological changes winch are common to all 
tissues — namelj (a) mflammatorj reactions mvolving vessels and soft tissues 
inside or on th§ surfaces of the bones, (6) changes due to partial or complete 
V ascuhr obstruction, e g necrosis of soft tissues and/or bone, and (c) tumours 
Second!} we see reactions which arc to a large extent peculiar to bone 
and which represent either failures or distortions of one or more of the normal 
processes of bone formation or bone absorption The number of possible 
reactions of bone tissue is therefore stnctly limited, and the wide range of 
bu>tological change seen in bone diseases is accounted for by various combma 
tions of the relatirel} few fundamental reactions 

In the foUowmg pages some of the more important of these fundamental 
reactions are discussed No attempt is made to deal exhaustive!} with the 
pathologj of individual diseases of bone these are consideretl onl} m so far 
as the} illustrate the points under discussion 

1 TYPES OF BONE STRUCTURE 

Boil} tissue consists of a collagenous matrix composed of fibrils embedded 
m a homogeneous substance (“cement ”), the whole being rendered rigid by 
the deposition of calcium salts in a very finel} divided state This rigid matrix 
IS honeycombed b} numerous aery fine canaliculi containing cytoplasmic 
prolongations of the bone cells which he m small cell spaces scattered fair]} 
umformi} throughout the bone Tlie fibnts of the bone matrix are collected 
into bundles forming coarser or finer fibres and the microscopic appearance 
of bonv tissue is dependent on the xize and arrangement of the fibres, to w hich 
13 also related the arrangement and character*, of the bone cells the cell- 
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spaces and the canalicuh Bone can be divided into two mam tvpes 
(a) Lamellar and (6) on lamellar or ttoien bone 

Lamellar Bone —Lamellar bone is characterised lustologically In the fact 
that Its fibrils are arranged in sheets m each sheet formmg a single lamella 
the general direction of the fibnls is the same but on passing to the next sheet 
of fibnls the general direction changes (as m plywood) as a rule through an 
angle of about 45 degrees though sometimes through a complete right angle 
Tins alternation in the fibril direction produces the lamellar appearance which 
IS most distinct where the change of angle is greatest The regular arrangement 
of fibrils IS associated with a regularity m the arrangement of the bone 
cells and cell spaces whidi tend to be elongated m the direction of the fibnl 
The canalicuh are long and well developed extending over the width of 
several lamellm and anastomosing with those from neighbouring cell spaces 
(Tigs 244 and 245) 

Non lamellar or Woven Bone — Woven bone is characterised by the fact 
that the fibrils of the matrix are collected into bundles forming fibres of verv 
varying diameter whicli cross one another in different directions forming an 
irregular woven felt work This type of bone is usually deposited m the form 
of irregular coarse trabeculae and when first formed shows ill defined brush 
like margins ow ing to the fact that many of the fibres emerge from tl e general 
felt work more or less at right angles and pass out to mingle with the surround 
mg connective tissue (Fig 2o2) The bone cells are more numerous and more 
irregularly distributed than in lamellar bone they are also larger and more 
irregular in shape (Fig 2ot) The canalicuh are short and poorly developed 
with few anastomoses 

Woven bone though usually formed as is lamellar bone by the actIVl^^ 
of speciaksed connective tissue cells (osteoblasts) ma} occasionally be formed 
by metaplasia of already existing connective tissue Tins is brought about 
by a deposition of a homogeneous ground substance [cement subslana) 
between the connective tissue fibres the original connective tissue cell 
becoming enclosed in cell spaces to form the bone cells Tlie fibre system i? 
in this case therefore that of the original connective tissue and in the matrix 
(fibres and ground substance) thus formed calcium salts are deposited Such 
metaplasUc bone is commonly found m the bony insertion's of tendons and 
fasciae In some cases the interlacement of the fibres maj be verv slight 
e g in a tendon insertion they are nearly parallel 

N ole on tl e ^ omenclal ire of A on lamellar Sane 

In tl e case of non lamellar bone tl cK/ is no sfantlartl nomenclature in tl e En 's-' 

1 teriture /foeWiAer used tl e term Faserlwnochcn or fibre bone some wn i 
use the term coarse fibred bone T o» £6ner (18 o) used tl e term geflechtort f 
wh eh 13 now n general use m tl e Oernian 1 terature and H M Tun bull has for 

vears used tl o eq u\a!ent Engl si fenn woven Th s last term seem-s t! e mo 

as it empha®Lses the woven felt work of fibres wluch c! aractenses the inatnv of this tJT® 
of bone and d st ngu si es it from lamellar bone 
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n. OCCURRENCE OF THESE TWO MAIN TYPES OF BONE 
IN THE HUMAN SKELETON 

Latneliar Bone. — I’mctk-aUy the \\liolo of tlio post'infnntile wkcleton k 
iniule up of lamellar Ixme ^\liieli forms two main t^Tios of gross ptnicturc : 
(a) compact Iwnc (compactn), nml (6) cnnccltoiis bone (sporigio*^). TIio finer 
‘ftnjcturc k c'-scntinlly tho Mme in l>oth these typc9, nnrf 'con-^kts of group- 
of lamella.', each pxntp being demnrcntc<l from nciglilxmring gnmps by « 
“ ccmcnl line ” {7.1’ ) (Fig. 2o3a). Tlic arrangement of the groups of lamcllfci 
(lamellar h5vtoms) dlfTers, houc\er, in the two cases, nn<l is dctcrmincfl largely 
l)y tho bloo<l-s\»jiply. 

In the ca<e of cancellous I>ot»e the traljccnJio are for the most part thin 
enough to allow tho Iwny ti'-suc to ohtam its mitrition from tlie sttrroujuUng 
bloo<l-vcs«e!s in the niarrows|viccs. Com|>act bone, on tho other hand, forma 
ma?s«cs of Imne ti>.suc too thick to obtain (heir nutrition onlj* from burfacc 
\-cs.«ok, and is therefore porfiirateil by hpceial %-nsrular clianncls, IlnvcrsinM 
canals, around which the lamcllaj fornr n ecriesofconcenlriccircIcR, each canal 
with Its surrounding toncentnc lamella* forming a Haversian Some 

of the larger trnlieculjc of cancellous bone ako need such vessels, and may 
Ix) seen to contnin small Hn^'creian systems. The numerous Haversian systcni" 
so charactcristtc of the compact Ixmc of larger mammals and reptiles are there* 
^ro related 'to the mechanism for supplying Wood to a eonsidcnvhle mass of 
comiKict bone ; m small mammals and reptiles they arc few or absent. 

Non-lamellar, or Woven Bone forms the Umy skeleton of tho embryo, 
where it was first htmlicxl by Orff'^nlfattr (18fi7); it is, however, gradually 
roplactxl by lamellar liono, so that after the first year of poat-natnl life 
practically the whole of the skeleton is normally eompo'tod of lamellar Itono. 

In many pathological fitate**, however, wo\cn !>one is common : in fact it 
may be said that any Ixmc tissue formed rapidly under pathological condition" 
will 1)6 of tins tjT>c. Sucli jKithological woven l)one is, however, hko the 
fcctnl woven bone, eventually replaced by lamellar l)ono : e.g. replat-cment 
of tlic woven Ixmc forming the “provisional ealhis “ of a fracture by the 
lamellar Iwnc of the “ definitive ” eallus. 

,Vofe on Tenninoloijii 

TJio mnoNoI of Isim' by mloocInstH, with the pcRiuctioo of Howohip^s lacun.v. is 
•iftcn cnltod t)y nnt:li*h writcm tKcunnr rowriition.” TIh) tnnn " n*«oriition " is Iror- 
rowed from the Geniinn expression ; its Fliiglish erjuivnlent is “ nUsorplion.” Tlio term 
“ opposition,” wseil to t‘Xpn*«» tlio hiding down oflKine, w obo boirowcrl from the Cennnn, 
its English equivalent being *“ deposition.” Throughout this article I Imve, except wliere 
quoting other writers, used the English tenna ** absorption " nnil “ deposition.” 

m. DEPOSITION OF BONE 

It is important to realise that bone formation consists of tiro distinct 
p^oces^se9 ; (1) the formation of tho collagenous matrix, and (2) tho calcifi- 
cation of thia matrix, 
iitni — 20 
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Formation of the Matrix —In all types of bone other than metaplastic the 
bone matrix (collagen fibrils + homogeneous ground substance) is produced 
bj the actmtj of specialised connective tissue cells (osteoblasts) some of 
avhicli become incorporated in the cell spaces of the matrix as this is formed 
These form the bone cells and tliercaftei apjiear to play no further part in 
bone formation 

One of the important distinctions between woven and lamellar hone 1 es 
m the fact tl at woven bone can arise m the middle of connective tissue while 
lamellar bone can onlj be laid down on an already existmg surface of bone 
or calcified cartilage Another difference is m the rate of formation lamellar 
bone the more complex type 13 deposited relatively slowly woven bone 
the simpler tj’pe can he farmed rapidly and can extend fairly rapidly over 
a region not previously occupeil by bone or cartilage In both lamellar 
and woven bone all the structural elements are formed before the calcium 
salts are deposited even the eanahcuh can bedistmguished by suitable methods 
m this non calcifiel osteoid tissue {Petersen 1910) Under normal conditions 
calcification takes place verj soon after the collagenous (fibres and ground 
substance) and cellular elements are completed The deposition of calcium 
salts may to some extent obscure the structural elements but it does not change 
their arrangement m any way In other words osteoid tissue has the same 
collagenous structure as tl e fully foimed bone and cannot be dist nguished 
from bone m completely decalcifieil siiecimens 

The Calcification of Bone Matrix — ^The first w orkei to make a thorougli 
studj of the histological features of calcification of tl e bone matrix was 
Oustav Pommer (1885) He evolved a method of partial decalcification which 
allowed sections to be cut without destroying tlie lijeraatoxyhn staining 
reaction for calcium 13> this method the calcified bone stains blue witli 
hwinatoxylin while the non calcified osteoid tissue can be stained pmk with 
eosin or some other suitable counterstam 

If lamellar hone is studied in sections treated by Pommer s technique it is 
found that the active bone formation is show n by the appearance of a narrow 

zone or seam of not yet calcified pink stammg osteoid tissue on the surface of 
the calcified (blue stammg) bone (Fig 249) Afurthermdicationof bonegrowth 
IS seen m the evidence of increased activity of (he osteoblastic cells on the surface 
of the osteoid seam These cells are derived from the cells ot the fibrous 
reticulum of the marrow or from those of the deepest laj er of the periosteum 
in the resting state they show fiattened nuclei and scanty cytoplasm giving 
rather the appearance of a thm endotlielium covering the bone surface m 
tlie active state the cells increase in size and their nuclei are plumper and 
appear more crowded together {Hunler and Turnbull 1931 p 2j5) The 
calcification of the osteoid tissue which as mentioned above normally takes 
place soon after it is laid down is first seen as a deposit of fine h^matoxyphu 
granules these granules merge mto a diffusely blue stammg mass as tlie 
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process advances Rapid growdU is therefore shown h^ an active condition 
of the endosteal or penosteil cells at the bone surface together with a -nell 
developed osteoid seam lamelhr bone in a resting (inactive) state shows no 
osteoid seam and its surface is covered bj a single laj er of spindle cells with 
scanty cytoplasm and sparsely scattered flattened nuclei The process of 
calcification m tcoien bone la essentially the same as that m lamellar bone 
Smee however voven bone often shows an irregular margm the newh 
formed osteoid tissue forms an irregular peripheral zone and not a uniform 
seam as in lamellar bone (Fig 2d2) 

A large amount of w ork has been done on the chemical mechamsm by which 
calcnun salts are deposited in the bone matrix particularh bv Jiohson and 
his CO workers It appears howeier that further work will be required 
before tlie matter is completely elucidated and it is not proposed to discuss 
this question here Bone matrix has a great affmitj for calcium salts and 
except m nckets osteomalacia or allied conditions ahravs cilcifies soon after 
It has formed There is no evidence that the chemical meclianism of calci 
fication is rei ersible m the bod^ The removal of calcium from the skeleton 

earned out hr a different method — nanielv osteoclastic erosion This 
question will l>e discussed more fully later 


IV THE NORMAL GROWTH AND RECONSTRUCTION OF 
THE SKELETON BY THE PROCESSES OF BONE 
EROSION AND DEPOSITION 

During the process of skeletal growth it is necessary that great alterations 
in size and shape of the bones should be brought about without any mterference 
with their supporting functions The mechamsm bv which this is made 
jiossible could be demonstrated onlj after the development of a detailed 
Imowlcdge of their mmute structure 

Tomes and de Morgan (18o3) were tlie pioneer workers m this field and 
considering the limitations of their technical methods their msight mto this 
problem is surprising Thej noted that bone and also the roots of milk teeth 
imdergoing absorption pie^ent^ finely pitted auifaees In bone imdetgDmg 
absorption under pathological conditions they observed that the Haversian 
canals were enlarged and irregular in shape The same observation had 
already been made bj Hoicshxp (1819) but Tomesand de Morgan earned the 
matter farther and showed that even m normal bones spaces were produced 
by a similar process of erosion Such ‘ipaces were often later filled up by the 
deposition on their mner surfaces of successive concentric lamellie of bone 
witli the final production of a complete lamellar or Haversian system The 
mechanism bj v-hich Haversian s^^ems were fontied was thus demonstrated 
and Tomes and d^ Morgan named the eroded spaces Haversian spaces 

From such evidence as the above and from the evidence of the composite 
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“ mosaic ’ structure of normal bone {qv) these authors concluded that thf 
processes of absorption and deposition continue throughout life thougl 
less actively m older than m younger subjects Tins new was subsequenth 
confirmed by KoelhUr (1873) von Ebner (1875) Pommei (1885) and other 
w orkers 


V THE CEMENT-LINES AND THE ” MOSAIC ’ 
STRUCTURE OF BONE 

At tJie time when Tomes and de Morgan ivrote their ‘ Observations on the 
Structure and De-velopment of Bone ” it was known that a transverse section 
of the cortex of a long bone showed in addition to complete Haversian systems 
many partial and fragmentary systems known as interstitial lamellae 
Each of these fragmentary systems shows a group of lamella? running in the 
same general direction and often forming a series of curves obviously cone 
spending m arrangement to fragments of a Haversian system The genenl 
direction of the lamellae m the various fragments is very different and each 
fragment is outlined and separated from its neighbours by a sharply defined 
Ime which is bitten out into a senes of irregular shallow bays The complete 
Haversian systems show more or less circular or oval outlmes which are 
however, scalloped to fit into the bays in the surrounding bone That la to 
say the space in the surrounding bone into which the Haversian system fits 
is always bitten out on its inside and m fact resembles exactly m shape a 
Haversian space formed by a process of erosion 
Tomes and de Morgan were the first to give a satisfactory explanation of 
this peculiar jig saw like arrangement of complete and fragmentary lamellar 
systems It was clear that if eacli Haversian system was formed by the 
deposition of successive laroellaj on the inside of an eroded Haversian space 
such outhiies would he produced The irregular fragmentary systems 
could agam be explained only as remains of older systems left over after 


prev lous erosion 

The whole question was again studied and completed m great detail bj 
ton Ebner (1875) who confirmed the general conclusions of Tomes and 
de Morgan Von Ffiner showed that the fibres of tho bone matrix are interrupted 
at the irregular margins of the complete or fragmentary lamellar systems 
which are jomed together by the non fibrous ground substance (‘ cement 
substance ’ ) only , he therefore coined the term cement lines ( KittUv.ien ) 
These cement lines appear as clear margins m ground-sections , m sections oI 
decalcified bone well stained with haematoxylin they can be seen as fine 
irregular blue Imes Von Ebner showed further that the bone splits rather 
more readily along them than elsewhere, so that when broken apart at a 
cement Ime it shows two mutually fittmg surfaces, a “ mould ’ lined wit 
pits (lacuna?) and a “ cast ” The cast shows a senes of small bosses fitting 
into the pits m the mould The surface of the mould shows the characters 
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of an eroded bone surf'icc its 
lamellar systems and canahcnh 
bemg cut off shorplj , as 'vnth a knife 
In the east the laraeUaj run nearly 
parallel to the surface, and the 
camhculi are not cut off but turn 
back m a series of loops, givmg the 
appearance of a natural boundary 
(Figs 245ff and 2456) This corre 
spends exactly to -wbat is seen m a 
freshly deposited layer of lamellar 
tone covermg an eroded surface 
The cement lines therefore corre 
spond to old surfaces of erosion 
covered vitii newer bone and thus 
incorporated m the bony stnicture 
This mosaic stnicture, although 
most obvious in sections of the 
compact bone of the cortex of a long 
bone, is pre&ent to an equal degree m 
the trabeculo/ of cancellous bone 



shovmg Haversian systeou composed of con 
centric lamella also ixagmentary ( inter 
atitial') lamellar systems The various 
systems srs ssparatsd from one another by 
iiTOguIsr cmsnt line? y 130 



(a) 16 ) 

Flo 245(o) — beini-dwgrainxnfttic picture of parts of two Hovers an 8>stem'i separated by a 

cement line The larger Haversiansvstoiaonthenght has been partlyerodedondthesmidJer 

system has been lai I down m tlie spare «> prodnre<l The cell-spaces and canalicuh are shown as 
rtamed by Schmorl s tliionin blue method 

(l>) — Sho\ra the two Haversian systems seen m Fuf 2 (o) separated along th© * cement line 
The erwled space m the Urg:frnist4!at on the nght fonnsa mould into which the smaller system 
lit^nsa ea<t (tufetext Section vj 
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The whole skeleton although formed of bone which is mechanicall} a con 
tmuous structure is m fact composed m the form of a solid jig saw the 



Fio “lb — Bone n Paget a o te t sdefor 
mans she r ng a jtg saw t ke pattern pro 
ducecl by numoro s cemont Lnea tl e 
result of repteate 1 alterat ona of 1 one 
eras on an i dcpo to 100 

one looks at a transverse section of 
the cortex of a long bone suitably stamed 
with hajmatoxjlm one sees m places 
particularly in the zones of ensheathing 
lamellie beneath the periosteum and m 
the central lamell-e lining the medullary 
cavity bluish hnes separating groups 
of lamella These lines differ from the 
cement lines of erosion m that they 
show a smooth and not a bitten out 
outlme and that the canahcuh do not 
show a bitten off appearance (Fig 24T} 
A similar line of arrested deposi 
tion forms on the hone surface sur 
roundmg the Haversian canal m the 
completed Harersian sj stems It has 
been shoivn that sucli hnes form when 
a bone surface remams for some time 
m a restmg state without the occur 
rence of eitlier deposition or erosion 
Petersen (1930 Fig 31 in his work) 


individual pieces of w hich were deposited 
at different times during the life of the 
mdmdual (Fig 244) 

In young children m whom tie 
processes of erosion and deposition ha\e 
extended over a shorter penod o le 
would expect a less fragnientarj stnic 
ture this is m fact what is found 
(tan Ebner 1875) In diseases where 
there has been a great deal of bone 
erosion wnth new bone formation (e g 
Paget a disease of bone) the mosaic 
structure becomes much more marked 
1 e the Jig saw is composed of smaller 
pieces (Fig 240) (ScJmorl 1030 md 
Hunter and Turnbull 1931) 

Lines of Arrested Deposition — If 



tio 4 Lmes of a rested growth sep 

aratmg groups of c reumfereut al lanieU'® 
beneath tl e per osteal surface of the femur 
n e lamelLB themsel es are not 'i 
The limes sho v smootl contours, with tb 
except on of tl e uppermo t which is not a 

lineofarrestedgrowthbuta cement 
at the s te of a pre ously eroded surface 

Acomparat vely wide zone of newly foro«i 

bone 1 es superfic al to this line X 
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sbo\\s> V Rcction of a stag a limb bone with a \\eU de^e^oped circumferentnl 
line of tins t>'pe produced bj an arrest of growth duniig the winter In the 
earliest stages of bone erosion on the inside of a Haversian canal a striking 
picture IS produced by the eating away of this hne of arrested deposition over 
part of Its circumference (Fig 250) 

VI THE PROCESS OF BONE EROSION— OSTEOCLASTS 
Tomes and tie ^lorgan (1S,>3) although tlieir techmcal methods eaadentl^ 
did not allow them to distinguish easdv different tj-pcs of cell considered 
that the erosion of bone came about the activities of tlie masses of cells 
of the soft tissues whtoli filled the erosion pits (later called How ship s lacuna?) 
on the surfaces of bones and milk teeth undergoing absorption 

Fallowing on tins work vanoiis oWners saw and descrdied large multi 
nucleated cells on bone surface 

KoeUihtr (1873) made more evtensue studies of these multmucleated cells 
and their role m bone absorption and comwl the term Ostol last later 
converted uUo O»tcoklast or Osteoclast 

Characters of the Osteoclast — The fully de\ eloped osteoci ist is a largo 
multmucleated cell varying m size from 
about 46 to 90 /i m its longest diameter 
Its large size and its numerous rounded 
nuclei make it eas\ to dl^tmgulsh from 
the tanous other cells m bone surface'* 
and m marrow spaces (Fig 248) 

In addition to the fully developed 
multmucleated osteoclast one fintls all 
grades of smaller varieties Tlie siml 
ler cells coutam 2-5 nuclei (Fi" 250) 
arbile vers large sjiecimens maj contaui 
dozens 

Agam gradations arc seen between 
the smallen osteoclasts and the cells 
of the fibrous reticulum (spmdle-oell 
connective tissue so called endosteum) 
winch separates the inner surfaces of 
the bone from the blood forming or 
fattj marrow 

to the ongm of the osteoclasts 
tlicre can be httle doubt that tbej 
can ariiC from ana of the spindle 
cells of the fibrous tissue clotlung the 
bone fcurfuces (a tissue from which tlic osteoblasts are also derived) In 
other words, these fimctionalK inactive sjmullc cells can with a suitable 



Fig ’is — ^ctwe o teoolA. IS Tbebone 
t 1 cl oppesn black »n the illu-tration i-» 
w IcrjKj X eio~iott two larjrc multi 
t udoflletl are lying 1 1 

llowbiup:! lacuna; (near tpper and lower 
margTH-< of illu tration) There are at o 
othersmallero-iteoclaistaat lafnereticulmn 
of en Ice-teal connect v\e ti >suo occup eg tho 
mam \ space / 340 
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stimulus at any time undei^o a further development mto either of tvo 
lustological types whose characters are correlated with the activities of either 
bone formation or bone destruction Similar potentialities are found in the 
connective tissue cells of other parts of the body but the necessary stimulus 
for bone formation is only exceptionallj produced m parts dLstant from tl e 
bones such a stimulus may be furnished bj the mtroduction of fracnnents 
of dead bone and it maj also be produced near a mass of calcified material 
— e g a calcified tuberculous focus 

As regards the formation of cells of the osteoclast tj pe from the ordinarv 
cbimective tissue this alu ays occurs if a non mfected foreign body ls mtroduced 
mto the tissues This results m the production of multmucleated foreign 
body giant cells which show histological characters indistinguishable from 
those of the osteoclast These cells applj themselves to the surface of the 
foreign body which thereby undergoes gradual dissolution if fragments of 
clean boiled bone are mtroduced into the tissues the foreign body giant celN 
erode them and behave as far as can be judged exacth as osteoclasts Large 
multmucleated cells of this tj'pe arc obviously adapted functionally for the 
removal of sohd fragments which are too large to be completelj engulfed 
the large mobile protoplasmic cell body can be applied to a surface and can 
exert a solvent action at the surface of contact When a solid body is reduced 
to sufficiently small fragments these become complete!} engulfed by such 
cells and are then digested intraceUularly A foreign bod} of moderate size 
e g a piece of sterile catgut is often completely ensheatbed b} a collection 
of multmucleated cells in the ca«e of the much more extensive bone surfaces 
however the osteoclasts are not sufficient!} numerous to form a contmuous 
sheet the} occur m groups or as isolated cells The digestive action of one 
of these cells on the bone surface results in the formation of a small pit — 
usually shallow in which the cell conies to ho thus produemg the erosion pits 
(or How ship s lacunm) the process of removal of bone by this means bemo' 
therefore called lacunar absorption (or resorption) A stud} oftheedge^ 
of erosion pits in sections prepared so that the calcified and non-calcified 
matrix can be distinguished shows that m the process of osteoclasis the whole 
of the bone tissue both calcium and organic matrix is removed leaving a 
jierfectly sharp edge as if the tissue had "been taken out h} a There 

is no sign at all of decalcification of the bone matrix on the edge of the erosion 
pit nor IS there an} sign of injury to the bone cells m the neighbourmg 
lacimaj Although one must suppose that proteolytic and possibly decalci 
fymg substances are secreted by the cell at its surface of contact with the bone 
there is no evidence that the action of these substances extends beyond this 
surface This can be seen m Fig 249 which shows a trabecula of bone under 
gomg lacunar absorption on its lower surface 

Osteoclasts therefore erode livmg bone by a process (which might be caliw 
chemical cl xselltng ) which causes no visible alteration or mjun to the celtj 



THE GENERAL PATHOLOGr OE BONE 


313 


<tr matnv oven on tlie ^ er\ edge of the line of erosion Smce osteoclasis is 
the normal ■process bj- which the internal straetiire of the bones is remodelled 
during gronth, it is obviouslv necessary that there should be no is-eakening 
of the matrix which reaiama on the edge oi the eroded 2 one The mechanism 
just described, by nsluch the erosive effect is limited to the surface of contact 
of the osteoclast nith the bone, seems ndmimbl^ adapted to this end Ostco 
clasts appear to erode hvmg and dead 
bone mth equal ease, and it is of course 
u eli knon n that osteoblasts can deposit 
nov. bone on a surface of dead bone 
Fate of the Osteoclasis — ^The full^ 
developed osteoclasts can probablv 
'•umve for onl} a short time, but 
their exact fate has never been preciselj 
iletermmed Degenerative changes can 
be seen in them, and it seems probable 
that they disintegrate localli Onloum 
salts must escape from the osteoclasts 
either bj disintegration of the cells or 
hv dischai^ of the products of their 
ictmties for it is quite clear that the 
calcium denied from the bone which 
they have removed finds its wav event 
tnlly into the blood stream (Sub «ect 
w) The microscopic appearances of 
Iwne removal bv osteoclasis and the 
evidences of verj extensive past osteo 
I lasis throughout the skeleton can be 
<ilNcrved bv anjone who can make 
sood sections of bone, and tlie evidence 
i<5 to the functional actmtv of these 
cells has lieen gcnerall;i accepted bv 
all «ienous workers on the liisto patho 
logv of bone since Kwlltker's time 
Nevertheless, assertions are made from 
nmo to time tliat the'® celTs pHj 
either (I) no part m the removal of bone, or (2) onlj a minor part 

There can be no doubt as to the bone-eroding jiowcrs of osteoclasts , the 
-second question, whether thev pla\ a nnjorora minor part m Ixme destniction 
md the removal of calcium from tlie skeleton will be discussed later 

One histological ixnnt that has sometimes given ns© to doubts as to 
whether the erosion pits are produced by osteoclasts is the fact that one 
*)ftcn secs specimens in which onlv a few of the erosion pits contain these cells 



l-ic 240 — A i>7nal] trabrculA of bone 
jnuTOiisded b> a tiheetb of endoetMt 
conoectn'o tissue l)ej'on(t which le thtly 
nuunrow Section prepared to show the 
distribution of cstciutn which li stained 
dark while a M>am of newly formal non 
calcified osteoid tivue running along 
the upper border of tho trabecula appears 
light thii seam n renered hy a row of 
Osteoblast* TTielowcrcdgeofthetmboculu 
It, undergoing ostcocla'itic alwirption und 
two large dark staining osteoclasts are 
Rcen separatcfl from their lacunae on the 
boo9 by fwilractMii oi tho tt^fsne 

during preparation These locuns show 
rleon-cut outlines and there no loss of 
calcium staining at the eroderl sarfaccs 
X 26j 
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A little consideration will however show that tins is onlj to be expected 
The osteoclast has the characters of an actively phagocjiic cell and as we 
have mentioned above it appears to have a relatively short life the pits on 
the bone surfaces liowever remam indefinitely until they are either covered 
by the deposition of new bone (in which case they remain as a cement Ime of 
erosion) or until the bone is further eroded with the production of another 
set of pits It follows therefore that only those pits m which active erosion 
wasgomgon at the time of removal of the bone specimen will show osteoclasts 
tn situ 


VII CAN THE REMOVAL OF BONE WITH RESULTING 
POROSIS BE BROUGHT ABOUT BY PROCESSES OTHER 
THAN CELLULAR EROSION BY OSTEOCLASTS'’ 

The removal of bony tissue can be brought about by an active cellular 
erosion which removes both calcium salts and bone matrix together leaving 
a sharply defined punched out margin and causing no decalcification or 
othei defect in the quality or structure of the bone which remains behind 
I\ith this view all serious workers on the lusto pathology of bone will agree 
The question whether there are other processes by which either (1) tie 
entire bone (matrix + calcium) or (2) the calcium alone can be removed wall 
now be discu««ed 

Can Cells other than Osteoclasts remove Bone'’ — ^It has been suggested 
that cells other than fully developed osteoclasts are capable of eroding bone 
particular!) (a) fibroblastic cells of granulation tissue which have not deve 
loped the recognisable histological characters of osteoclasts and (i) tumourcell* 
As regards (a) the fibroblastic cells we have seen that these give nse to 
osteoclasts and that smaller bmucleated types of osteoclasts are often found 
in the erosion pits (How ship s lacunae) It is obviously not possible to sav 
at VI bat exact stage of development the osteoclastic properties appear but it 
IS clear that areas in vvl ich active erosion is taking place alwajs show differen 
tiated osteoclasts (6) It is well known that tumour cells invade bone ai d 
lead to porosis but as will be seen later evidence pomts to the fact that tl is 
erosion ls produced by stimulation of osteoclasts and not bj a direct erosive 
action of the tumour celfs 

Are there processes due not to erosion by hvmg cells but to some sort o 
chemical break down of the bone by which it reverts to a non calcified 
fibrous matrix — Processes bv which the calcium can be absorbed from bone 
with or without a subsequent brealdown of the decalcified collagenous 
matrix have been described bj various writers The earliest of these proee'Wio 
was halisUresis a term meanmg salt deprivation used by Virchow to 
indicate a hj’pothetical process bj which the calcium salts were remove 
from the bone matrix m nekets and osteomalacia Afore recenti) Fetterfr 
(1906) and Lericlie and Poheard (19^6) h ve described a rathei similar procc » 
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^\hIch the latter writers call ‘osteolysis” In this proee'sg m addition to 
removal of calcium, the Ixine matnx la said to revert to fibrous tissue a 
process of “ breakdowm ” or ‘ dc'differentmtion " There is no satisfactorv 
histological evidence for the existence of any of these processes, nor 
it necessary to assume their eMstence m order to esplam the appeal 
ances seen m normal and pathological bones This question is discussed below 

VIII THE FORMATION OF WOVEN BONE UNDER 
PATHOLOGICAL CONDITIONS 

One of the difficulties m the interpretation of the lustological appearances 
of diseased bones ansesj from failure to distinguish between the two mam 
types of bony tissue, namely (I) lamellar and (2) woven bone A general 
description of these two types has already been given and it has been pointed 
out that lamellar bone can be formed only on an already existing surface of 
bone or calcified cartilage while woven bone may arise either on anoxistmg 
bone surface or in the middle of connective tissue ma«s The formation 
of trabecul'u of woven bone m a connective tissue mass is very common in 
pathological conditions Inflammatory or other changes which produce 
fibroblastic proliferation m soft tissues when they occur in relation to bono, 
result m a similar proliferation of endosteal or periosteal fibroblasts which is 
followed by the formation of irregular trabeculu of woven bono in the con- 
nective tissue nia«a so produced In this way a considerable mass of new 
bone can be formed rapidly, e g the provisional callus round a fracture and 
the now bone in subacute peno«titis This rapidly formed woven bono is 
eventually cither removed by osteoclasts or forms a scaffoldmg on which 
lamellar ^no is dejKisited In either ca«e jf the patient survives long enough 
the remodelling process finally results m the entire removal of the woven 
bone only lamellar bono remaining 

Mixtures of woven and lamellar bone may pre'sent confusing pictures, 
some of which appear to have been the basrs for the erroneous liehef that bone 
can ‘ break down ” and revert to » fibrous matrix 

The foUowaiig combinations of the two types may occur 
^Vov’cn Bone forming on a Surface of Lamellar Bone — This often occurs 
m inflammatory conditions In most ca«es the surface of the lamellar bom 
has undergone some osteoclastic erosion and is pitted by How skip’s lacuna; 
On this irregular surface a layer of woven bone forms and often oxtemls into 
the surrounding comiective tissue ns irregular tmbeculse (Figs 2u0, 251) In 
some areas the newly formed woven bone nsuallv shows a brush like margin, 
w ith the mam fibre direction at nglit angles to the liiucUar bono surface In 
sections prepared to show the distribution of calcium this bru>»h like marpn 
is seen to l)o 'till uncalcified IFig 252) 

Mote Intimate Mixtures of LameHar and Woven Bone — ^Bone trabecul® 
may be composed partly of lamellar and parth of woven bone In normal 
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Fio 2o0 Inegular trabecula: of wo\en 
bone extending to the eurface of the thick 
cne 1 peno^teum of a tong bone u a ca.ee of 
subacute penost tis x S 


J /' r / 


iic ‘’o’ Calc fy ng wo>en bone In 
the upper part of the figure (a) a non 
calcified fibrous edge of wo\eii bone 
mingles ■with the surroun Img connect \e 
tissue The calcifjing more darkly 
atamed zone (p) shows at its edge fine 
darkly stain ng granules of calcium Th a 
woven bone has been in part eroded {vtde 
irregular cement 1 ne separat ngzonep 
from zone c) and on it has been depos led 
fresh bone which at c is lamellar in struc 
ture (lamelbe not visible here) Below 
the granular calcifj mg edge at c is a seam 
of lamellar osteo d t s.'nie (n) X ’oO 


I-iO Sol- — PortionofFig SoOBhonuigirrc 
gular trabecula near surface The numer 
ous la^e bone cells m irregular closely 
packed bone epaeee are characteristic of 
woven bone y 100 


bone the trabeculae show a mosaic ap 
pearance indicating that they are com 
posed of fragments of different ages 
These fragments are ordinarily all 
composed of lamellar bone but m the 
foetus and joung child and under 
pathological conditions a trabecula may 
be made up m part by lamellar and 
in part by woven bone the arrange 
ment depending upon the sequence of 
changes which has occurred Thus if 
a trabecula of lamellar bone has been 
reduced by osteoclastic erosion it may 
ha\e subsequently been added to by the 
rapid formation of new woven bone on 
the remains of the old bone so that 
a trabecula of woven bone containing a 
core of eroded lamellar fragments is 
produced The reverse process takes 
place during the reraodelhng of a ma<w 
of rapidly formed woven bone, such a* 
occurs durmg the process of replace 
ment of a provn^ional by a defim 
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tire " callus Here the whole of the wo\en bone is eventually removed bj 
osteoclastic erosion but the process is a verj gradual one In tlie carlj 
«?tages many of the tmbeculje of woven bones -^erve as scaffoldings on winch 
lamellar bone is deposited These scaffoldmgs may be either intact woven 
bone trabeculie or remnants of such trabecul® reduced by osteoclasis In 
the case of intact trabecii!® which have l)cen further added to by the 



Fio S53 — Psrt of a trAuccula compostKl 
of a core of woi'ea bone on «-) i^h a abeU of 
lameUar bone has been depoaUeU The 
■ftoven bone tiaa undergone oxteeuwe oatoo 
ciaaticeroa on aaoanbcxeeofromtbeb tten 
outma^inaoftho cement Imeofertwon 
wbjeli bounds it Two large irregular boys 
have been eroded these ore now lui«l by 
layers of lamellar bone aod conierted into 
vascular spaces with smooth walk X 200 


Fio 254— The same section as m 
Fig 253 pbotognphedb} po1an>ed] ght 
to show the fibre structure of the bone 
The lamellar structure of the ensheathing 
bone u well seen on the nght band side 
and can be distinguished from the me 
pular feltwork of the woven bone forming 
the core X 200 


deposition of surface lavers of lamellar bone, there is a gradual transition 
from a core of woten bone to ft lamellftr arrangement on the surface 
Lamellar bone mav be deposited directly on the eroded surface of a 
traliecula of woven bone in this ca«se the resulting trabecula will show the 
two tj'iies of bone separated by a cement Ime of erosion — an abrupt transi 
tion (Eigs 2<>3, 354) The gradual replacement of a mass of woven bone 
by lamellar bone involves much altematmg erosion and deposition of both 
Avoven and lamellar bone the final form bemg largelv determined by the 
strains and stresses to Avhich the tissue is subjected There is no evidence 
that the final disappearance of the woven bone is due to its special suscepti 
bility to osteoclastic erosion Osteoclasis of both woven and lamellar bone 
takes place freely for some time, but after the more ictirc stage lias passed 
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all the new bone formed is of the lamellar type, and finally none of the 
original woven bone remains. 

IX. HISTOLOGICAL EVIDENCE AGAINST THE EXISTENCE 
OF A PROCESS BY WHICH BONE “ DE-DIFFERENTIATES " 
INTO CONNECTIVE TISSUE 

It is of course clear that in various pathological processes where bone 
undergoes osteoclastic erosion, its place may be taken bj’ spindle-eell con- 
nective tissue of either periosteal or endosteal origin. Such a process lakes 
place extensively in generalised osteitis fibrosa. As mentioned above, how- 
ever, certain writers believe that bone can disappear without the action of 
osteoclasts by a process of “breaking down" or “ de-differentiation ” into 
connective tissue. Ltricht and Policard (1928) describe such a process under 
the term “ osteolysis." Since their liews on this matter have been accepted 
by certain authorities in this country without criticism, it seems advisable to 
point out why it is impossible to accept them, on histological groimds. 

Firstly, the description of the histology of this process is most unconvincing, 
and it is clear that these workers are mistaking bone formation for bone 
absorption, (the authors themselves admit that they cannot distinguish these 
two prffcesses. for they say at the end of their description : " It is, moreover, 
impossible to distinguish these histological forms of resorption by osteolysis 
from those of the formation of bone "). This mistake has been made before 
by other workers, e.g. Ettterer (1906, Fig. 6, p. 21 9 of his work), who illustrates 
the reversion of bone to fibrous tissue by a figure which shows typical woven 
bone forming on the surface of more compact (probably lamellar) bone. 
This criticism of Leriche and Policard's views has already been made by 
Weidenreich (1930). 

Secondly, careful histological studies using methods which display the 
fibre systems of the bone matrix afford strong evidence against any form of 
“ breakdown ” of bone into connective tissue. In the case of lamellar bone 
which, as previously remarked, forms almost the whole of the normal skeleton, 
the difficulties of assuming such a “ breakdown ” into connective tissue are 
even greater than with woven bone. As already noted, lamellar bone has a 
very complex fibre system, different from thatofwnven bone and quite different 
from that of ordinary connective tissue. It could not therefore arrive at 
anj'thing resembling ordinary connective tissue by a process of disintegration, 
but would have to be picked to pieces, sorted into bundles, and put together 
again in a different pattern. A form of ” breakdown " which would do this 
is inconceivable. In fact, lameUar bone retains its characteristic structure 
even when reduced to minute fragments by the action of osteoclasts. 

In their discussion of osteolysis Lerickt and Policard state that the process 
is seen in its clearest form in cases of generalised osteitis fibrosa. Since 1926, 
when their book appeared, there has been a considerable increase in our 
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knowledge of generalised fibrocystic disea«!e and its relationship to h 3 ^r* 
piratbyroidism and further careful studies have been made by Hunter and 
Turnbull (1931) and others These investigations lend no support to Lenche 
and Pdicards belief in the evisteace of osteolysis, but on the other hand 
stress the great importance of increased osteoclastic absorption in this disease 

X CHANGES IN THE CALCIUM CONTENT OF BONE 

The general use of the term decalcification " for all conditions m which 
the X ray density of bones is reduced has led to much confusion of thought 
"Wlien the X-raj density of a bone is reduced we know that the bone as a whole 
contams less calcium salts than normal, but tins reduction in the amount of 
eilcium maj be due to two distinct conditions 

(1) Osteoporosis — Here there is a rarefaction of bone brought about by 
a removal of bone substance by osteoclasis The trabecula? are thin, and 
the Haversian canals of the cortex are enlarged to Haversian spaces which 
microscopically show irregular margins covered with Howsinp’s lacun®, many 
of which are occupied by osteoclasts The total bony tissue is thus much 
reduced in amoimt , what remains, however, shows no histological evidence 
of loss of caJemm, i e there is no increase m the amount of osteoid tissue, and 
on chemical analysis the individual fragments have a normal calcium content 
(5 L SaltTy II If A'ay, 1937) 

(2) Hypocalcification — The wTiter uses the term " hypocalcification ” to 
describe the condition met wativ m nckets and osteomalacia, dueaecs in which 
the bony tissue contoms less calcium than normal This is sliown histologically 
by the fact that there is an abnormal amount of non calcified osteoid tissue, 
and chemically' by the fact that an analysis of mdmdual fragments shoin 
m abnormally low calcium content The term “ hypocalcification " is, I 
think, preferable to the term “ decalcification,” because it expresses the fact 
that the bone is not fully calcified mthout assuming that the calcium has been 
abstracted, as does the expression “ decalcificntion " As showni below, 
hypocalcification is not produced by abstraction of calcium (hahsteresis), but 
1^ a failure to calcify Fig 2o5 shows diagrammatically the conditions in nor- 
mal bone (a and 6), porosis (c), and hypocalcification (d) It is clear that ui 
cither (c) or (d) the X ray density would be decreased 

It might be thought that the surgeon could tell by cutting tiirough the 
bone whether there was excess of osteoid tissue or not, and bones are often 
described as being soft and “ decalcified " because they can be easily cut into 
Bones w hieh are merely' porotic will, how ever, cut easily owing to the hollowing 
out of the compact cortex and the finene’^ of the trabecul® of the spongiosa 

XI ESSENTIAL BONE CHANGES IN RICKETS AND OSTEOMALACIA 

Pommer (1885) was the first worker to make a. thorough histological study 
of tliese diseases, using methods which would distmguish the calcified bone 
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from the non calcified osteoid tissue Before Pommer's -n ork the whole subjeci 
\\ as chaotic , there v. as no agreement as to whether these two conditions wen 
essentially the same, and it was heliored by many that the ongui of thef^ 
dtseases lay m some defect m the skeleton itself PomrMr threw an entneh 
new light on the matter, and although vitarams were of course unknown ai 
that date, he foreshadowed the discovery of thts factor in a remarkable way 
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The final conclusion from Ins e\tcnsi\e studies of rickets and osten 
malicia uere 

(1) The e««entml defect m both these diseases is the same, namelj a defect 
in the calcification of any netv bone formwl during the disease 

(2) There is no evidence of “ hahsteresis ” i e there is no abstraction of 
calcium from such bone as Mas already calcified when the disease started 

(3) Tlie softening of the skeleton is explained bj the fact tliat during the 
normal growth and reconstruction of the bone« the old bone formed and 
calcified before the on«ct of the disease is gradtnllj remo\ed bj osteoclastic 
erosion and replaced by now , if the new bone fails to calcify or calcifies 
imperfecth the skeleton becomes gradually softer the ^oft bone (osteoid) 
being naturallj most abundant and obvious where new bone formation 
IS greatest 

(4) Tliere is no evidence that this osteoch'stic erosion is more rapid in 
ncketv subjects than in normal children of the same age 

(3) The di'^ease is not due to an^ cause in the bones themselves, but to 
hOme faeior outiide tht eUkton which interferes with the proper calcification 
of new bone formed dunng the disense 

Potnmtn news met with *» considerable amount of opposition TJip 
question of the occurrence of lialistercsis was still being rigorously debated 
in 1W9 ( Verhand Deutsch Ge<«ll 1909 pp 54-07) and is considered b\ 
some writers to be still unsettled More recent work on rickets and osteo 
miKcia has however, certainly coafimied Awtmers news 

XII EVIDENCE AGAINST HAUSTERESIS 

Tlie following is some of the evidence indicating that the Ixine changes m 
rickets and osteomalacia are due to failure of calcification of new Ixinc and 
not to abstraction of calcium from alreadr calcified Ixine matrix 

If the changes m nckets and osteomalicia were produced by a process of 
abstraction of calcium from the bone matrix tins would operate on the alreadv 
calcified bone present at the beginning of the disease , if on the other hand, 
the proce'^s were purely a failure to calcify it would affect only the new bone 
farmed danng the dtsesse 

The fact that the development of non calcified tissue (osteoid) corresponds 
with the dei>osition of new bone as regards (1) ste and (2) rate of growth 
shows that the process is a failure to calcify The evidence is (a) clmioal 

(5) microscopical and (c) chemical The clinical evadence is obvious onlv 
in nckets 
Clmical Evidence 

Site — The development ofnon-calcified tissue occursrajHdly at the grow mg 
epiphj^s in nckety children In the shafts of the bones, where the replace 
ment of old bone by new is comparatively slow the softening process develop^ 
\rnr — 21 
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slowly If ne>\ periosteal bone is formed this develops as a zone of soft ti sue 
outside the old shaft 

P^ATE OF Growth of Bora — Flond rickets occurs m well nourished 
growing children when bone growth is slow (malnutrition or scurvy) rachitic 
changes are slight or absent 

Microscopic Evidence 

Site — ^The osteoid tissue is seen first and most abundantly in the zone of 
endochondral ossification at the epiphyses where there is also failure of 
provisional calcification of the cartilage Rachitic changes are also most 
marked at those epiphAses where growth is most rapid {Maxwell Hu and 
Turnbull 1932) In other situations in both rickets and osteomalacia the 
osteoid tissue develops where new bone is bemg formed on the trabecular 
surfaces and on the inside of Haversian systems In these situations nanin\ 
‘•earns of osteoid tissue are normally present in rickets and osteomalacia the 
w idth of such seams is greatly increased 

Rate of Growth — ^T hc rate of growth can be roughI> judged hj the 
appearances of the osteoblasts Wicre osteoblastic activity is shght the 
rachitic or osteomalacic changes ire least marked (Hunttr and Turnbull 
1931 p 2i-i) 

Evidence from Metabolic Experiments 

■Metabohe studies have shown that the rote of removal of calemm from the 
skeleton is not mcreased in rickets it is increased in diseases m which there 
IS increased osteoclastic aetintj (eg IiA-perparathjToidism) This question 
^nll be discussed more fulh later wlien the conditions associated with increased 
osteoclasis hive been considered 

XIII CONCLUSIONS ON THE MECHANISMS OF BONE 
DEPOSITION AND ABSORPTION 
(a) Bone formation takes place in two stages 

(1) The formation of the organic matruv of the bone by the action 
of specialised conneettve tissue cells mz osteoblasts 

(2) This matrix is. converted from the condition of non calcified 
osteoid tissue into true bone bj the deposition of calcium 

throughout its substance 

(fi) Bone removal takes place m one stage and is carried out b' 
multmucleated macrophages which remove the organic matnv and calcium 
salts together ^ 

(c) Calcium can be remo\ed from the skeleton onlj bv the action o 
these osteoclastic cells — the process being histologiealh not decalcification 
hut ‘ de-ossification 
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There is no evidence for the existence of such jirocesses as “ halisteresis ” 
or the “ osteolysis ” of Ltricht and Pof/card, which implj' a dissolving out of 
calcium from the Ixme matrix or a " breaking down ” or “ de-differentiation ” 
of the matrix into connective tissue. 

{d) Tliese conclnsions apply not only to normal hut to all pathological 
conditions of bone. 


CHAPTER XIX 


GENERAL PATHOLOGY OF BONE [conUnued) 

BONE DEPOSITION AND ABSORPTION UNDER PATHOLOGICAL 
CONDITIONS 

XIV MECHANICAL FACTORS 

I^CREASED STRESS or Strain produced either excessive use or by alteration* 
m the mechanical conditions of the part is a nel! r cognised cause of a local 
increase m bone production which is compensatory m nature Any patho- 
logical condition resulting m a weakening and/or d formity o t e bone tend^ 
to produce a compensatory merea«e in bone formation The produc ion of a 
mass of new penosteal bone (or osteoid tissue) tending to fill and buttress the 
concavity of a bent rachitic bone is a good example of this mechanism The 
same buttressmg effect is seen m the filling up of the concavity of an angular 
defcrmity in a raalunited fracture On the convexity of the malumon, owmg 
to diminished mechanical stimuli, httle or no deposition occurs but osteocIa«tic 
absorption contmues These factors tend m time to restore the line of 
the limb 

Alaige amount of work has been done on the reactions of bone to mechanical 
strains and stresses, and it may be taken as a well established fact that osteo 
blastic activity is m some way stimulated by mcreased tension or compression 
The exact mechanism of such stimulation, however, remains obscure It 
seems probable that bendmg movements in the bone structure with or without 
microscopic infractions furnish the necessary stimulus In longstanding 
nckets or m osteomalacia the trabeculae of the spongiosa, e g of the ribs oi 
lertebrae, are usuallj much thicker than normal owing to the increased 
deposition of lamellar osteoid tissue on their surfaces As TumbuU 001 ?- 
{Maxuell Hu and TumbuU, 1932, p 431), there is httle doubt that this i‘ 
the result of normal stresses on abnormally soft bones This would support 
the view that the stre'ss stimulus acts by producmg some distortion of the 
bone structure with resultmg stimulation of osteoblastic activity In the caw 
of normally calcified bones, bendmg effects would decrease with the increased 
rigidity resultmg from the bony tbickenmg and the stimulus to osteoblastic 
activity would thus rapidly dimmish , m the ease of rachitic or osteomalacic 
bones, however, depositions of soft osteoid tissue would not prevent bending 
the contmued effects of which would stimulate excessive osteoblastic actintv 
and result m thick osteoid deposits 
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Absence of the normal mechanical stimuli appeam to be the main factor 
m the production of the moderate grides of disuse attoph\ which develop 
slowlj Tlie mechanism m this case is the same as in senile bone atrophy, 
VIZ failure of osteoblastic actmtj, so that the normal osteoclastic erosion is 
not counterbilaneed bj a normal bone deposition 

As regards the more rapid acute types of bone atrophy, there can be 
little doubt that there is, in addition to poor deposition of bone, an 
increase m osteoclastic absorption ITie view has been put forward that 
changes m the blood supply play an important part in this type of atrophy 
Tins question mil lie considered later when discussing factors influencing 
0*5160013813 


XV NECROSIS OF BONE 

Necrosis of bone is cbameterised histologicallj by the loss of nuclei and 
disappearance of the bone cells, so tliat the cell spaces m the bone matrix 
appear empty (Fig 258) The bone matnv itself remains unchanged in 
appearance until removed bj osteoclasts The nahed eje appearance of 
field bone is due not to an alteration in the appearance of tbe osseous tissue 
it«elf but to absence of v'l'sculantj , dead bone which has been revasculanscd 
ippears like living bone 

Dead bone shows no radiograiiliic change until it has been demarcated 
Irom Its surroundings by a Ime of separation The statement has often been 
undo that dead bone acquires a greater radiographic density because of an 
increase in calcium content, and some writers appear to regard this supposed 
increase m cileinm content ns analogous to the calciflcation of a mass of dead 
iiK«uo such as occurs for instance m a caseous focus There is, m fact, no 
Cl idence that dead bone matrix acquires additional calcium There are only 
two known ways in which the increased ridiographic density of dead bone 
can be produced (1) bv contrast with a surrounding porosis, or (2) in the 
ra-se of cancellous hone by a crushing and compaction of the trabeculoi mto 
I solid mass of bone debris A relative density is seen m sequestra, winch 
may equal ui density the original bone, while the surrounding have nearly 
nlwaj'8 undergone a marked poro«5is An increased densitj due to compaction 
of bone debris mat be seen in such conditions as Kohhrx di«ea'e of the 
tarsal scaphoid 

Reaction of the Tissues to Dead Bone — ^Non infected dead bone produces 
no appreciable mfiammatorj reaction when introduced mto tlie tissues There 
L‘< a local proliferation of blood vessels and fibroblasts, and the development 
in the fibroblastic tissue of foreign body pant cells, which, as mentioned 
above (Sub sect \ i) rewmble multmuclcated osteoclasts m appearance, and 
function ns sucli producing lacunar absorption of implanted bone This 
new ly forraetl tissue tends to penetrate nil the spaces (cancellous and Haversian) 
in the bone and an> necro'eil soft tissue remnmmg in tliesc sixices is removed 
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by phagocytosis The dead bone thus becomes revascuhrised and its spaces 
filled by a living connective tissue (Fig 257) Complete removal of the bone b\ 
osteoclastic erosion on both the internal and outer surfaces may follow thb 
revascularisation If however the invading fibroblastic tissue is osteoffenie as 
it will be if the dead bone fragment has been mserted in or near living bone 
it will lay down new living bone on the partially eroded surfaces both interna! 
and evtemaJ of the dead bone In this way a fragment of dead bone form 
a scaffolding for and becomes incorporated in a mass of new 1^ formed living 
bone where it may remam for months or years 

This peculiar acceptance of dead bone bj the bodj and its incorporation 
in a newly formed bone structure accounts for the success of bone grafts as a 
method of repair Although a bone graft may be livmg at the time of insertion 
the severance of its blood supply leads inevitablj to the death of all but such 
superficial cells as can obtam sufficient nourishment from the surroundmg 
tissue juices These superficial osteoblastic cells together with those from 
anj living bone in the neighlxiurhood proliferate and supply the osteogenic 
tissue which reclothes the graft with living bone The revascularised portions 
of a graft appear like living bone to the naked eye and blend with the siuround 
mg tissue Microscopically the bone spaces contain living \ ascular tissue and 
they are lined by a layer of livmg bone This zone of living bone is usuallt 
bounded by a cement line of erosion {q t ) beyond which the bone is dead and 
shows emptj cell spaces 

This acceptance of dead bone and its revaseularLsation w ith or without 
subsequent complete osteoclastic absorption is to be regarded as the normal 
reaction The rejection of dead bone m the form of a sequestrum surrounded 
by pus 18 a complication due to an infective process The development of 
such a sequestrum is considered below 

Aseptic Bone Necrosis — Interference with the blood supply is a potent 
cau«ie of necrosis of bone The blood supply may be mterfered with m various 
conditions e g inflammations vascular disease or trauma 

Obstruction of the blood supply to a portion of bone without mfeetion 
produces an area of aseptic necrosis — an mfarct of bone The production of 
such aseptic necroses of bone has been extensively studied by Axhausen 
who haa faund them, ta be the basis for the puzzling, group of localised bone 
lesions which mcludes such conditions as PerUie's disease of the hip the disease 
of the head of the second metatarsal and that of the tarsal scaphoid described 
by Kohler KetnbocL s disease of the semilunar Schlatter s disease of the 
tubercle of the tibia and the condition first described by Konig under t e 
term ‘ osteochondritis dissecans ' All these diseases were described on t e 
basis of X ray and clinical fin dings and opportunities for studjnng their 
underlying pathology have been few A detailed account of their hrsto 

pathology will however be found m a contribution by AarAaiwen and 

(1937) It will be sufficient here to outlme some of the more imporfan 
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histological leactioii'i underlying the peculiar senes of changes obsencd 
radiognphieaHy m these conditions \ portion of bone deprived of its blood 
supply undergoes necrosis affbetmg both the bone cells and soft tissues \ntiim 
the bone Since neither osteoclastic absorption nor bone formation can take 
place without a blood supply sucJi a mass of dead (mfarcted) bone remains 
for a time architecturally intact showang no loss of contmuitv \ntli its sur 
roundings or other changes that tan affect the \ m picture After a time 
iioMever blood re«scls and fibroblasts from the surrounding living ti«siie begin 
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hoQii of tho femur near tho arttcul tr urfoco 
top left) T1 cro complete i ccroMs 
of both bone an I »oft t 'ue* but ti o nrei i 
tectuto remains intact except for a clear 
circle of rarefaction in tho centre Th s 
cunespODiUtotl emiddlcorarctosc >Ian-«<l 
zone (darker area) n all ch boi eab^orpt on 
1 as taken pi cc k 2 


Flo o — Slio iscdffcofreta oulir set! 
zone in ‘*5S Tho touer and r cl t 
hand port of f! e f^ro at otrs a darker 
sta ninj; no r eoi i ect \ct >>Runrunfa nmg 
num Toiu cftMular loop* Ths » ex 
tend nt. upwards into on area of -v acuo 
lalod tomplclclj necrotic marro tissue 
lying m tho canccUoxis spaces lictwcen 
necrotic l>ono Irobeciilic Mallor} s con 
I ccti\e t ■<«. e ato n (motlifod) ^ 80 


to invade the necrosed portion Smee the fibroblastic tissue is usually deri\ ed 
from the surrounding bone or periosteum it is capable of givang n«e not only 
to osteoclastic but to osteoblastic cells withthe result that both absorption of 
dead bone and the deposition of new l»onc can take place m the revasciilari‘«ed 
zones Mith tin*? revascularisation of tlie mfarcted bone X my changes 
become apparent 

The rate of reorganisation of a mass of dead bone depends v ery niiicb on 
Its size and on the available blood supply For instance in the case of 
necrosis of the head of the femur follovvmg fracture of its neck, the blood 
supply available from the surroundmgs may be very limited Fig 256 shows 
a low pouer view of a portion of a necrosed femoral bead undergoing 
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focal re\'ascularisation b} small vessels from the region of the ligamentuni 
teres 

A high iiower view of the advancmg vessels is seen in Fig 257 The 
absence of nuclear staining of the bone cells and the marrow tissue shows 
that the whole of the head is necrotic There ls no mdieation of this 
necrosis in the low power view because the architecture as a whole remains 

unchanged A 
change has, how 
ever taken place in 
the revascularued 
focus, the centre of 
which shows a clear 
circle produced hi 
osteoclastic ab«orp 
tion of the trabe- 
cula? In the pen 
pheral zone of this 
focus a high power 
view shows that 
there has been 
ero'sion of many of 
the dead bone trabe 
culs but that this 
has been made good 
and the structure 
further strengthened 
bj newly formed 
trabeculae This new 
bone can be clearly 
distmguished from 
the old because it« 
nuclear staining 
shows it to be bring 
and because it is nearly all non lamellar (iroren) bone (Fig 2o8) 

The \ raj asjiects of the phenomenon of reorganisation of a focus of dead 
bone show (1) the development of clear areas or zones corresponding to the 
ingrowth of new vascularised tissue with resultmg osteoclastic absorption of 
part or whole of the dead bone followed bj (2) an mcrease m density due to 
new bone formation m the«e clear areas 

There is ui some cases a further complication of the process which 
contributes to the X raj changes In his studies of material from the above 
mentioned focal diseases of bone Axhausen has shown that a necrosed bone, 
"ilthough it maj show no structural defect is less able to withstand pressure 



Fio SaS— Kexa^culan'tation of d«a(i bone A lancellous bpsce 
containing numerous newly formed thin walled se««eL< m its lower 
part The upper part of tl e space lias been fill'll in bj a cre>centic 
massofnew living boneshowmgwell sta nednuclei Tbecell spacer 
in the surraim ling dead bone trabecula; are devoid of nuclei To 
the right of tl e figure is anotl cr deposit of new bring bone forming 
a layer on the surface The dead bone has m this rase notsuflered 
surface ero ion prior to the deposition of the new bone v 100 



THE GENERAL PATHOLOGY OP HONE 329 

than IS living bone On thu5 account its tnbeculai are apt to fractnre and 
break up into small fragments that become comprc^ed into a compact mass 
In tins \ray a portion of necrosed bone supporting jiart of a jomt surface may 
suffer a depressed fracture ■nath resultmg dcformitj of the articular surface 
In the case of necrosis of one of the small cancellous bones there maj 
be a general collap-se of tlie trabecular structure Mas*5es of compressed 
bone debns produced in this A’laa are relatively resistant to the process of 
revascularisation and ab,orption and produce dense radiographic shadows 
{t'tde Fig 403 (u) ei seq ) 

Aseptic necrosis of large nia«ises of bone mayoccur m such conditions as 
tertiary syphilis and irradiation necrosis Such masses may remam for v 
considerable tune architecturally intact and therefore radiographically 
mdistmguishable from the surroundmg living bone If secondary infection 
occure e g with gummatous ulceration of the overlymg tissues, a rapid 
osteoclastic erosion with scpiration of an unexpectedly large sequestrum 
takes place 

XVI INFLAMMATORY CONDITIONS 
Apart from the cellular changes m the soft tissues of the bone spaces and 
periosteum, which correspond with tho«e seen m the various types of inflam 
mation elsewhere, the bone it«elf nia> show (a) necrosis (h) osteoclastic 
erosion and (c) new formation 

(o) Neaosis — Although bacterial or other toxins may produce bone 
necrosis there is little doubt that interference with the blood supply is, the 
major factor in the production of the necroses m acute mflammatory conditions 
In acute purulent mflamraations m bone w here pus is mfiJtratmg the confined 
spaces m the bone or the deeper part of the periosteum increased pressure 
and damage to ^essel walls is likely to produce tliromWtic occlusion of all 
the small ve^ls m the affected area 

Caseous tuberculosis may load to necrosis of bone m much the same wa\ 
although m this case the toxins of the bicdli may also be an important factor 
(6) Osteoclasis — Oateoclasis is a prominent feature of all mflammators 
processes at the stage when granulation tissue is present Numerous osteo 
clasts are formed at the surface of the granoJition tissue in contact with the 
l)one and a very active erosion occurs Osteoclastic erosion bemg an active 
cellular process can take place only under conditions suitable for the activity 
of living cells , \ascuHr granulation tissue provides such conditions 

Fobvation op Seqttestra — ^In the absence of an adequate blood supply, 
oellular activity ceases and bone erosion cannot take place In areas of 
necrosed bone, the marrow spaces of which contnm only dead tissue and 
leucocytes, osteoclasts cannot develop or function, and since leucocvtcs cannot 
erode it, the bone substance remains intact altliough the l>one cells arc dead 
In the livmg tissue at the edge of the necrosed area a s ascuhr granulation 
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tissue containing numerous osteoclasts develops and an active osteoclastic 
erosion of both. Imng and dead bone occurs This \ascular granulation tends 
to extend into the spaces of the dead bone removing the necrotic tissues and 
dead leucocytes by means of macrophages and revascularising the area 
Osteoclasts are developed m the advancmg granulation tissue and m thi 
w ay the dead bone may be completely removed It not infrequently happen* 
however particularly with large masses of dead bone that the granulatio i 
tissue fails to penetrate the whole mass There is an active erosion on the 
surface and the necrotic area becomes separated from the living tissue as 
mfection is still present leucocytes continue to emigrate from the capillaries 
and vessels of the surrtfimdmg granulation tissue In this way there is forme 1 
an abscess cavity contaming a portion of dead and partly eroded bone a 
sequestrum This sequestrum smce it lies in a bath of pus separated from 
the living tissue undergoes no further erosion "Meanwhile the hone surrounde 1 
by granulation tissue in the wall of the abscess has undergone an extensive!' 
osteoclastic erosion A radiogram taken at tl is stage shows therefore a 
sequestrum which is relatively dense in comparison with the surrounding zone 
of porosis 

The above account applies to pyogenic infections of bone in tuberculosis 
the mam feature is the development of granulomatous tissue Osteoclasts 
are developed m relation to this tissue m the same way as with pyogenic 
granulation tissue but the process is less violent and advances more slowlj 
Necrosis (i o caseation) develops after the formation of granulomatous tissue 
which may have already resulted m considerable absorption of bone Ui ab 
sorbed bone incorporated m a caseous mass does not undergo further absorption 
A mass of caseous tuberculosis situated in a bone may of course undergo 
calcification as m other situations Such calcification is m the form of an 
amorphous deposit 

(c) New' Bone Formation — ^New bone formation is of course a prominent 
feature in inflammatory conditions and iti most cases both woven and 
lamellar bone are formed at various stages of the process Woven bone i 
produced during the more active stage and is gradually replaced by lamellar 
bone as the repair processes develop The general histological features 
of this replacement have already been described Woven bone as 
already noted is deposited m irregular trabecul® which can extend fair!' 
rapidly throughout a mass of proliferatmg fibroblastic tissue derived 
either periosteal or endosteal connective tissue The bone formed ® 
way in a mass of soft tissue is not at first subjected to the normal strains an 
stresses of the part and the arrangement of the trabeculm appears to 
detennmed by their relationship to the blood vessels passmg into the tissue 
Later when the mass of new bone begins to take the stresses and strains o 
the part its trabecular systems become orientated m relation to these 
Bv this time much of the original woven bone has been removed and w a 
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remains becomes enclosed and incorporated m trabeculse of lamellar bone 
In this ^\ay % mass of bone of mflammatOTy origin formed outside the shaft 
of a long bone becomes conierted into a new corticahs which is at first com 
posed of longitudinally directed trabecular systems (m tbe form of sheets 
rather than rods of bone) separatetl by apace*, contaming re sels TJie longi 
tiulmal spaces thus enclosed form new Haversian spaces wath continued 
deposition of lamellar bone on the walls of these spaces Haversian sv'^tems 
form and 3 new compact corticahs is m time produced 

If we compare mflaramatory reactions m bone with those in soft tissue's 
it i» clear that the stage of granulation tissue formation is charictensed by 
marked osteoclastic erosion of the original lamellar bone with the formation 
of new woven bone while the stage of fibrosis is characterised by lamellar 
bone formation 

Conditions which would produce exce-^sive fibrosis m soft ti sues produce 
marked bony thickenmg with the deposition of considerable amounts of new 
lamellar bone The marked fibrosis 
which takes place aroimd a small enclosed 
abscess in tbe soft tissues lias its counter 
part in the contmued deposition of 
lamellar bone irhich produces the 
marked bony thickenmg m relation to a 
similar ab8ce«s encIo«ed m bone 

XVIJ EFFECTS OF TUMOURS ON 
BONE 

Tiie xnv asion of bone by eit her primary 
or secondary tumours commonly pro 
duces both bone aboorption and new bone 
formation but m most cases bone absorp 
tion 13 the predommatmg result it is 
relatively rare for bone formation to 
dominate the picture and produce an 
osteosclerotic reaction to tumour mva«ion 
The strikmg absorption of bone which is 
commonly produced by an mvadmg 
tumour has led to the belief that tumour 
cells are capable of eatmg away the bone 
matrix There is however good evidence 
to show that the tumour cells themselves 
do not erode the bone but m some way 
stimulate an active erosion by the local 
osteoclasts The mechanism of this stimulation remams imcertam Two 
oln lous possibilities are (a) the action of difiusibk products from the tumour 



wth tomoLT celU ( econdarj carotnoma) 
in tbe Ha ers an \w.sel The upper half 
of the c nnnofcrence of the Haversian 
canal is intact and la bounded by a dark 
line of arrested grovrth the lovrer 
halfhos been ero ted by osteoclasts two of 
which aro seen m lacunas Spin lie cell 
endosteal connective tLssue surrounds the 
vessel an! liJls the baj producetl bv 
osteocla:>t 0 act on X " 0 
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cells or (b) alterations in such local conditions as blood supply or pressure 
within the bone spaces Fig 269 illustrates erosion by osteoclasts in the 
neighbourhood of tumour cells It is from a cross section of a femur 
showing extensive secondary carcinoma deposits m the form of emboli in 
the Haversian \essels, and also m places as masses of tumour cells m the 
medullary and Haversian spaces A careful exammation shows that active 
osteoclastic erosion takes place before the tumour cells come m contact vith 
the bone This is well seen in the figure, which shows inside the Haversian 
canal a small embolic mass of tumour cells surrounded by red blood corpuscles 
although there are no tumour cells m the perivascular space active osteoclastic 
erosion has alreadj removed half the circumference of the Haversian canal 
and excavated an irregular cavity , this cavity is occupied by endosteal 
connective tissue This appearance is seen in many places throughout thi** 
section and even nben larger masses of tumour cells occupy eroded Haversian 
spaces a layer of spmdle cells containing osteoclasts is found sejiarating the 
tumour cells from the bone 

Such observations ahou that the invasion of the soft tissues of the bone 
spaces by tumour cells stimulates osteoclastic erosion which usually results in 
an extensive local porosis In the later stages of this process the tumoui 
masses may invade and occupy the eroded spaces m the bone and thus produce 
the impression that the tumour cells themselves have caused the erosion 
this, however is contradicted by studies of the earher stages of the process 
A benign tumour such as an enchondroma produces local absorption of bone 
m the same way by stimulating osteoclastic erosion 

In the case of primary bone tumours the mechanism of bone absorption is 
tlio same as that just described but m this case m addition to stimulation of 
the local osteoclasts there may be the possibihty of the production of osteo 
clasts by the tumour cells Such production is obvious m an osteoclastoma 
and in an osteosarcoma ( ‘ osteogenic sarcoma * ) the appearances often suggest 
that some of the tumour cells differentiate mto multmucleated osteoclasts 

Osteosclerosis as a result of mvasion of bone by tumour cells occurs only 
m a small proportion of cases , it is however, relatively common with raeta 
stases from certam types of growth, e g piostatic carcmoma The rate of 
growth of the tumour cells is an important fector m determmmg this reaction , 
It occurs only with slow growing types of tumour such as produce a marke 
fibrotic reaction m the soft tissues Metastases from slow growing scirrhous 
carcmomas of the breast or stomach may produce osteosclerosis 

The tumour deposits are visible to the naked eye as pale areas of 
bone replacmg the cancellous structure Involvement of the bone co ex 
with spread ot the tumour cells to the periosteum results m the deposition o 
new bone on the surface of the onguial shaft Microscopically the tumour 
deposits are in the form of small groups of cells lying m the Haversian cana s 
or much restricted cancellous spaces withm the bone The tumour ce 
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produce at first some osteoclastic absorption of the bone, but- this is followed 
by the formation of a considerable amount of new'bone as the result of stimu- 
lation of the endosteal or periosteal connective-tissue cells. The spaces in 
the cancellous bone thus become filled in by deposits of new bone until only 
small central channels remain ; these contain blood-vessels, endosteal connective 
tissue, and small groups of tumour cells. Much of the new bone produced is of 
the ^\oven type, but lamellar bone may form and ‘may cover noven-bone 
surfaces. This may occur in the new bone formed outside the shaft, so that 
irregular trabeculie of woven bone become converted into a new compact 
layer. In some very slow groning types of tumour, o.g. meningiomata invading 
the skull, a very dense thickening composed mainly of lamellar bone may be 
produced. A marked sclerosis of bone gives a dense, structureless radiographic 
shadow ; moderate grades may produce more diffuse thickenings, which may 
closely resemble the appearances produced by Paget’s disease. • 

In sclerosing tyjies of osteogenic sarcoma much of the bone formation is 
the result of stimulation of the endosteal and periosteal tissues by the presence 
of the tumour, and is not the product of the tumour cells themselves. Secon- 
dary deposits of non-osseous origin involving the periosteum may result in 
irregular radiating outgrowths of woven bone similar to those seen in an 
osteogenic sarcoma. Deposits from odrenal neuroblastomas seem porticularly 
apt to produce tlus effect. 

XVUl. EFFECT OF BLOOD-SWPLY ON THE DEPOSITION 
AND ABSORPTION OF BONE 

Huch has been uritten on the effects of blood-supply on bone growth and 
on bone absorption and various laws," eg. "Hyperemia causes bone 
absorption," have been stated. Unfortunately, the factors involved are 
complex and do not appear to operate according to such simple rules. There 
are, however, a few fundamental facts which can be stated at the outset. 

(1) Smee both bone dejwsition and bone absorption are active cellular 
processes requiring a supply of oxygen and nutritive fluids, neither can take 
place in the absence of a blood supply. On this account an infarcted area 
ofbone remams structurally unchanged until revascularised. 

(2) ^Vlle^e there is very active bone formation, e.g. in the metaphysis of 
a grooving bone or in a healing fracture, an mcreaeed vascular supply is present . 

(3) Active bone formation and active osteoclastic absorption are frequently 

found in progress together, e g. in different parts of a single bone trabecula 
(Fig. 249) ; it is clear, therefore, that the same circulatory condition may 
favour both processes. « 

One of the fundamental difficulties in assessing the effects' of an active 
hyperiemia arises from the fact that any form of increased cellular activity 
IS associated with an increased blood-supply, and it is usually imjiossible to 
separate the tivo phenomena into cause and effect. It is clear, for instance. 
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ni some cases that active cell growth determines the development of the 
increased blood supply — e g the extensive!) developed vascular supply of a 
tumour — at the same time growth could not continue without such increased 
vascular de\ elopment In spite of such difficulties evidence has been collected 
pointmg to the fact that altered circulatory conditions may sometimes plaj 
a considerable part m determming the preponderance of either the deposition 
or the absorption of bone An effect that appears to be a stimulation of bone 
grondh secondary to hjperiemia is seen in some cases of mcreased growth m 
the length of a limb stimulated by traumatic or mflammation hj'perasmia 
Processes sudi as chronic osteomyelitis or joint tuberculosis m the region of 
the epiphysis may produce an increase in the rate of growth and ossification 
at the epiphyseal line The focus of infection does not mvolve the epiphyseal 
Ime and appears to produce its effect by inducmg a collateral hyperanna 
{Schubert 1921) Pommer (1925) bebeved that osteoclastic activity is 
favoured by an increase m ‘ tissue pressure ’ in tlie medullary spaces of 
bones Such increased pressure could be produced by vascular overhlhng or 
by an mcreaso in the cellular or fluid content of the soft tissues confined witbui 
the bone spaces On this basts Pommer explained the active osteoclasis with 
resulting porosis found in neoplastic and inflammatory conditions m bone 
and also in some cases of local venous congestion Acute post traumatic 
bone atrophy (Sudccks atrophy) accompanied by local cyanosis and (edema 
IS considerecl by Pommer (1925) and also by Heydemann (1933) to be due to 
an increased osteoclasis produced m this way Pommer also considered that 
less acute types of atrophy following disuse are due not so much to the lack 
of stimulus to bone formation as to mcreased osteoclastic absorption, the result 
of venous stagnation Smce the venous return from the hmbs is considerably 
lacilitated by muscular movement mactivity tends to venous stagnation and 
hence increased venous pressure ivithm the bone spaces The beneficial 
action of massage m preventing mactmty effects could be evplamed on this 
basis This ‘ tissue pressure ” theory of Pommer’s is probably the rao«t 
comprehensive and elastic so far produced to explam vanous types of localised 
bone absorption there are however many observations which are difficult 
to reconcile w ith it For mstante many cases have been recorded m which 
venous obstruction has resulted not m porosis but m a marked osteosclerosis 
HalsJiofer (1937) records cases of diffuse sclerosis of the outer table of the skull 
associated wath cliromc obstruction of the sujierior vena cava resulting froni 
pressure by an. mtrathoracic goitre m one case and by a large calcified lymph 
gland m another Pearse and Morton (1930) produce what appears to be quite 
conclusive evidence that ligature of the deep veins from the part hastens the 
healmg of a fractured fibula m the dog 

An earlier union wath more solid callus was always found on the side wit 
venous hgature The climcal evidence of this effect of venous stasis brought 
forv^ard by these v\orkers is }e<3 convincing and raises the question wnetne 
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the changes m the circulation produced hy vanous 2 rocedures are alwajs m 
the direction intended In tlie ca«es cited passue congestion uas producetl 
hy compression of the hmb from tune to time b\ a spiiygmomanometer bag 
In the first of these ca«;es avhich shou ed the clearest eaadence of stuuulation of 
callus formation this procedure resulted m an increased n armth m the affecteil 
foot Tins seems to indicate that an increased adn e liypcramun m as the final 
result of the procedure it hich appeared to hasten callus formation 

It IS certain that a marked dimmutioh m arterial blood supplv ■nill retard 
bone formation This is to be expected from Mhat la known of the oxygen 
requirements of prohferatmg tissues and it lias been shown espenraentalU 
in the case of fractures m a further stud> bj the above irorkers They also 
show tliat an expenmental liiTierainna of one limb produced b> a right lumbar 
cvmpathectomj resulted in onl\ a slight uicrease m the rate of bone repair 
m tiuee ammals out of ten In the remainder there was no effect at all 
{Penrseand Morion 1^31) 

It would not serve anx u eful purpose to discuss further the extensive 
literature lieanng on the effects of circulatorj changes in bone absorption 
and deposition SuflScient instances have been given to siiow that the question 
remains UQ'Cttled and that much of the evidence produced is equivocal or 
contradictory It is important to distinguish between active and passive 
hyperiemia but short of gross obstruction to the arterial supply it is not easr 
to be sure what circulatorv changes are produced m the deejier tissues under 
vinous conditions or by a given procedure 


XIX GENERAL FACTORS AFFECTING BONE ABSORPTION 
AND DEPOSITION THROUGHOUT THE SKELETON 
So far w e hav e considered some of the causes of local mcrea'^e m absorption 
ir deposition of bone There are however sevcml conditions in which 
derangements in the«e processes are generalised throughout the skeleton 
Tlie influence of the anterior lobe of the pituitary m mercasmg the size of the 
skeleton as a whole i** shown in cases of gigantism and acromegalv 

Pa^et s Osteitis Deformans — In this condition there js a ^nront olterstJOn 
in the architecture of the bone w bich may affect practically the whole skeleton 
Although the primary cause of this disease is unknown the cellular mechanism 
by w hieb tlie bony changes are brought about is well understood There is a 
contmued esce'iBive osteoclasis wath an mereased new Ixine formation that 
more than compensates in bulk for the bone lost The process is slow and 
long contmued and most of the new bone is lamellar in tvqie The esce'^sive 
eroaion disturls the skeletal architecture however so that the compact bone 
becomes poro^ed and replaced bv irregular angular tralxjcuH which also form 
the cancellous bone There is still an attempt at structural adaptation to 
stresses but tin is verv imperfeoth achieved because the material is not u<^d 
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{Baxter Albright, and Aub 1929 (b)) This continual loss of ealmir 
must be derived from the bones and evidenth corresponds to the normal 
osteoclastic erosion noted by Pommer as contmuing throughout hfe Ir 
estimating the calcium balance it is not practicable to starve the subject 

but It 15 not diificnlt to 

( 0 ) 
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Fib Ctiart illu trat ng the balance betue^n bon« 

growth and bone ab«orpC on dunog I fe The lower sloping 
Htra ght line repre^ent^ the steady calcium Ioks bj o teocia i» 
which continues throughout I fe The slope of the upper curved 
1 ae repre^nte tl c rate of growth dunng life thi» u rsp d in 
chjl Ihood and falh off dunng a iuJt life while dunng ol 1 age it 
inav ocaK- altogether The v ert cal bare represent the amount 
of skeletal tie«uc at %anous periods During childhood growth 
greatt> exceeds absorption an I the amount of bone ii crea^ 
rapi 11} ma lull lifetheneprores-Aesarebalanced whilemoldage 
ab orption i not made good bv 4lppo«itH>n of fre%h bone and a 
>^iule Ixine atropl v results 

(&} Chart constructed in the same wav a« the last in a case of 
hyperparatbjroidism Here the greatly increased rate of calcium 
loss !■» si own b\ the steeper elopie of the lower line Bone 
lepos tioD continues normallv (upper line) but fails to keep pace 
with absorption so that the total amount of bone in the skeleton 
(vertical bars) diminishes 

(c) S milar chart m nckets or o teomalacia Here the calcium 
loss (slope of lower 1 ne) is normal The rate of bone formation 
(s\oi>e of upper line) is also normal but the bone formed dunng 
the di ease fails to calcif} and remains as ooteoid tbsue (shaded 
portion of bars) The result is a stead} dimmution in the amount 
of calcified ti sue (1 lack portion of bars) in the skeleton 


construct a diet con 
taming as little a 
0 1 grm of calcium per 
diera while adequate 
m otlier respects Tlie 
usual procedure is to 
place the subject on 
such a low calcium diet 
and estimate the total 
calcium excreted in the 
urme and feces over a 
sene** of 3 or 4-<iav 
periods Under these 
conditions rt is fotmd 
that m normal aduItA 
the calcium loss ex 
needs the intake bi 
aJiout 0 lo grm daili 
This gives a standard 
irith which to compare 
the rate of loss of 
skeletal calcium under 
vanous abnormal con 
ditions 

Calcium Balance tn 
Relation to Skeletal 
Changes —It has been 
foimd that under the 
conditions of low cal 
cium intake outlmed 
above an output of 
calcium definiteh m 
excels of the normal 
IS always associated 


with some condition producing an increased osteocla''tic activitv throughout 
the skeleton A purely local increase m osteoclasis does not apjicar to 
liberate enough calcium to produce a significant change m the calcium balance 
This excessive output of calcium from the skeleton ma\ or mav not produce 
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a bignificant in the blood calcmm The exce'^ive osteoclasis in inkier 
jMimthjTOidism is a'scociated nith on incrcosed calcium excretion o rai«e<l 
blood calcium, and metastatic calcification m the soft tissues A similar 
excessive osteoclasis occms m some cases of hyiierthjTouhsm these show 
a marked increase m the calcium excretion rate but no changes m the blood 
c'lkium and no metastatic cdcification (Hunter 1930) An excc^^ixe output 
of calcium from the skeleton associated with a marked general osteoclasis 
can be produced e\perimentiU\ by the administration of parathormone or 
bj \crv large do^es of ntamm D In both cases a raised blood calcium and 
metastatic calcification are produced The mechanism )>} which the osteo 
clastic stimulation i» produced is not understood Tlic results of parathor 
mone excess and lu pervitimmosis D arc verj similar and it Ins been suggested 
some writers that vitamin T) produces tl»c‘?e efTects h\ stimulating the para 
tlnTOJd'5 (Toylor 11 eW B/omoa and Kaj/ 1931) This has been disproved 
however bv the discovert that the \itamm vrill produce the efTects m pan 
tlivroulectomiscd animals (iS/jcf/ing 1032, Dak J/or6fe and J/oris 1932) 

In rickets and osteomalacia there la no marked general increase m osteo 
ilastic actmtj and calcium balance experiments ba\e shown that on n low 
cilcmm diet the rate of calcium etcretion is within the normal range It is 
clear therefore that the reduction in calcium content of the skeleton la not 
due to nn abnormallj rapid abstraction of calcium from the bono Tins is 
further ovndcncc against the existence of ‘ balisteresis ’ (Sub sect xii) Studios 
on calcium metabolism are therefore m agreement with the conclusions lased 
on histological findings and the factors involved in changes m skeletal 
calcmm maj lie summarised ns follows \ reduction in skeletal calcium 
ma> come about either bj (1) nn abnonnallv active osteoclastic absorption 
of bone or (2) n failure to store calcium so that the C4aleinm lost hv tlie normal 
< ^teoclastic absorption is not made good (2) iaihirc to store calcium niav 
bt duo to cither (a) f iilurc to form Ixine as m senile bone ntropbj or (6) failure 
in calcification of the bone matrix as m ncKcls and osteomalacia These ’ 
jKimts arc illustrated diagrommattcnllv m the charts (Fis 200) 
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explanation of a sporadic as opposed to an hereditary defect would be forlb 
coming This is however purely hypothetical and no actual explanation 
of the reason for a sporadic defect is at present available 

In those cases where the defects are hereditary in type many of them 
appear to follow the Mendeban law In the roam they appear as Jlendelian 
dommants and m those families where the defects are present there appears to 
be little chance of their dying out m the course of a few generations Definite 
mfoimation on this point is however difficult to obtain m most cases for 
whereas with Mendel s original experiments with peas and subsequent experi 
ments on plants and animals it was possible to observe a large number of 
successive generations m the study of human mheritance no mdmdual can 
possibly observe more than a few generations and m collecting family histones 
precise information is frequently very difficult to obtain for secondhand 
information is extremely unrehable 



CHAPTER XM 


CONGENITAL MALFORJLATIONS OP THE SKULL 
CRANIOSTENOSIS 

The most important group of malformations of the skull is that -which is 
due to a dj-atrophi of the membranous bones characten ed bj premature 
sjuiostosis of one or more of the cramal sutures The various skull deformities 
which aixse from this cause are classed together under'the general term of 
enniostenoais which mcludes such conditions as oxjcephalv scaphocephaly 
turmsohadel hereditary craniofacial dysostosis of Crouzen and plagiocephaly 
It seems probable that the condition dcacnbed b) Ei^stler as Luekcnschadel 
IS al§o most properly included under this heading 

Various theories have been put fonvai^ to accotmt for this premature 
closure of the crinial sutures Virdiow who first used the term cranio 
stenosis regarded the condition as being indamroatoiy m origin Since then 
syphilis and nckets have both been held responsible and a number of other 
different theories ha\ e been advanced to account for it One of these was 
that the essential lesion m cases of craniostenosis is an abnormal development 
of the sphenoid bone but this is not the ease Oaaiostenosis is essentially' 
a dystrophy of the membranous bones as opposed to a defective development 
ol the cartilaginous base of the skull which produces the condition of 
hypertelonsra 

The view put forward by Retptng would appear to offer the most likely 
e^plination of the cau<e of the condition His view is that craniO!>tenosis is a 
true congenital abnormality due to a. variation in the germ plasm resulting m 
an unusual proximity of the ossific centres m adjacent bones and probably 
in abnormality also in the blastodermal matrix which normally separates the 
ossifymg bones thus allowing this premature synostosis to occur Eetpmgs 
tlieorj in addition to accounting for the deformities found m tlie skull w ould 
explain the abnormalities of development m other bones of the body w hich are 
sometimes found m association with the skull defects 

The general radiological features of the cramostenosis group of deformities 
arc synostosis of some or all of tlie cranial sutures deformity m the shape of the 
skull well marked digital xmpres«»ioi« m the much thmned cranial bones 
and changes m the base of the skull Although the synostosis affects the cranial 
sutures m a ary mg degree most authors agree that the spheno occipital suture 
at the base remains open In some cases there is internal hydrocephalus 
but this IS not a constant feature and tlie radiograpluc appearances are not 
343 
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those typically $een in hydrocephalus where the sutures are not closed and 
on the contrary may be widely open Deformity of the skull winch raa> not 
be obvious at birth develops as growth proceeds It must be realised how- 
ever tint definite craniostenosis may be present in the absence of any gross 
change m the si ape of the skull if all the sutures are affected and all close 
togetl er 

The clinical manifestations of the condition arc deformitj of the skull 



Fic.s 01 and ‘’6*’ Cran oste o Oxyceplalc type Note the marke 1 oran al inou d ng 
the acute ba al angle and the incresL ed \ert al d an ete of the skull 


which varies verj much in extent exophthalmos and sometiiiies divergent 
strabismus Headache usually occurs and loss of vision may result from optic 
atrophj It is said tl at loss of smell and heaung may also occur but tl ere is 
some doubt if craniostenosis produces these effects 

Tl e tjpe of skull deformitj produced by craniostenosis vanes according 
to which of tl e sutures are affected 

Oxycephaly is the type of deformity moat commonly seen and produces a 
very obvious change m the patient s appearance (Figs 261 and 262) Thesku 
IS short from front to back and its vertical diameter is increased produc ng n 
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■serj characteristic appe'ir'^nce to ovhich the name of toner skull has been 
applied Qneg says that m its slightest form it attracts attention while 
in Its grosser forms there is no passer by but is shocked b} the disfigurement 
and repelled b\ its hideonsne=8 As anth all t^Ties of craniostenosis there is a 

marked hereditarj tendenej TIiw ty^ie of deformity has been classified fs 
(1) trueoxycepliabj (2) delayed oxycephaly and (Sjpsewdo oxycepi aly but it seems 
piobable that true anddelajedoxjcephal3 only differ m degree and in the rate 
at a%lnch the sutures close Taeudo oxj ceplial^ is not a craniostenosis but 
refers to a skull of ah 
normal shape nhich 
approximates to that 
seen in oxicoplialj 

(Jrieg sajs that in true xV 

oxjeepha!} the s! nil is 

suturele«3 but this is ^ cX, v u 

not home out bj other ^ V \ i 

observers Sear is a er^ ^ ^ 'l 

emphatic that m chil jRj\ ^^9 R|H^H||b|Hdh||HHP^ | 
dren aiith definite jjl^ ^ I 

craniostenosis of the rK - 

basal suture betuceu Z'* 

the spl enoid and the 

occiput ma^ be %MdeIy ^ 

o^ien and the UTiter a 

experience endoi-ses this 

caused bj the rapid 

growth of the bram in ^LSTjJ^ ^ 

cIiU Ihood The prema 
ture elowe of the 

ntures b t tl e oiien epheno-occ t> tal hut re at the base 

sutures prevents the 

normal symmetrical expansion of the cranial cavitj and those parts avhich 
can yield do so The cranium bulges upwards usually towards the anterior 
fontanelle and ns a rule its highest point is at the bregma but it may vary 
m position anywhere from the antenor to the posterior fontanelle Lateral 
bulges maj also occur in the region of the temi oral and sphenoidal fontanelles 
Ti e usual type of oxycephalic skull shows an almost vertical extension of the 
cranial cavitj rounded m its upper part but the shape varies in different cases 
Sometimes the upper part of the skull becomes almost pointed — the aero 
cephalic slnil) The soft ba«5e of the skull also jaelds under the increased 
pressure and the bulging fomards of the imddk fossa produces a decreased 
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depth of the orbital cavities a^hich become so sballov that the eye are 
pushed fonvard produemg the hideous exophthalmos avhich js tj'pical of a 
marked degree of oxjcephaly As a rule there is no enlargement of the 
sella turcica although this has been described in some cases The cramal 
bones are thmned — usually markedly so — and mouldmg is pronoimced so 
much so that in some cases -tlie appearance approximates to tiiat seen m 
Luckenschadel 

Scaphocephaly is the type of defomuty which results from premature closure 
of the sagittal suture while the other sutures remam open Instead of m 
creased height seen in oxycephaly the skull is increased in length from front to 
back and m place of the temporal bulging the skull is narrowed While m 
0x5 cephaly the basal angle is more acute than normal m scaphocepl al\ it is 
flattened Exophthalmos does not occur and as a general rule there is little 
cranial moulding Most cases of scaphocephaly are of little importance an I 
cause no disab 1 ty apart from the unusual shape of the skull 

Plagiotephaly 15 the name given to asymmetrical development of the skull 
produced by unilateral craniostenosis — usually at the temporo parietal suture 
It IS obvious that different types of asj mmetncal de\ elopment of the skull may 
occur in craniostenosw which vary according to which of the sutures are 
involved and that combinations of the more usual types of deformity 
may occur 


HEREDITARY CRANIOFACIAL DYSOSTOSIS OF CROUZEN 

In Ctou tti deambed a cramoifaeial defoiTnity due to synostos s of the 
skull bones The appearance of tl e «kull is similar to that seen m oxycephah 
but the facial changes are more marked The superior maxillae are atrophied 
the nose has a wide bulge and is curaed like a parrot s beak The lower jaw 
shows a condition of prognathos There seems to be no adequate reason for 
separatmg this condition from oxvcephaly of which it w ould appear to be a 
type As m the case of oxyceplialy it may or may not be hereditar\ 


LUCKENSCHADEL 

This IS a rare congenital skull deformity first described by Engstler The 
radiogram shows an extraordinary appearance of the cranium which appears 
to consist of a network of bony ndges surroundmg bony defects (Fig ^ 61 ) 
The normal cranial sutures are absent Actually m the areas from which the 
bone appears to be missing there may be a thm layer of bone but in other 
cases there is no bone present and m these areas the cranial wall consists 
only of a thick membrane Opmions are divided as to the true nature of th s 
condition but it would appear to be due to an extreme degree of cranio tenosi 
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ACROCEPHALY-SYNDACTYLY 

The association of skull deformities with certain cases of syndactyly has 
long been recognised ind in 1906 introduced the term acrocephah 
syndactjly to describe these cases but here again there appears to be no 
leason to separate this group from tlie general group of craniostenoses As 
previously mentioned Rtiping s theory as to the causation of craniostenosis 
IS interesting inasmuch ns it uould account for the group of cases described 
by Apert 
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HYPERTELORISM 

Iliii. IS the name applied to a skull deformity which was previously included 
as a type of oxycephaly until it wns separated from that condition by Gneg 
It IS cbaracterLsed by a mde separation of the eyes caused bynn unusually wide 
nasal ^idge MHiereas craniostenosis is essentially a dystrophy of the mem 
t3TTl5us^ bone's of the cnnmm hypertelorism is due to an abnormal growth of 
the cartilagmous base of the skull Tlie sphenoid sho ws an abnormal develon 
ment of that portion of it which is d^elopeu in cartilage Ihe greater Rings 
are abnormally small and the lesse r wmga abnormally large with the conse 
qtience that the frontal bones are pushed upwards outwards and forwards 
producing an interfrontal groove The nasal bones are abnormally broad and 
an mterna<yil bone is pre'^ent between them in the internasal suture The facial 
appearance which results from these deformities is cliaraetenstie and shows a 
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low forehead with pronounced frontal eminences a broad depressed nasal 
bridge, avidelj separated eyes, and an external sqnmt 

HEREDITARY CLEIDO-CRANIAL DYSOSTOSIS 
This IS a rare congenital deformity winch has been regarded as a defect in 
the ossification of membranous bone, and changes are certamly seen in the 
clavicles and the skull in many cases, but Fitclieit, who has made an in\ estiga 
tion of this condition, regards it as being pnmanly a congenital defect' of the 
development of the clavicles analogous to similar defects m other bones, sucli 
as the radius and the fibula He points out that not only that portion of the 
bone which develops in membrane but the whole of the bone may be absent, 
and that while m certam cases there are skull changes, m others there are none 
He considers that the condition should be described as congenital cleido 
dysostosis with or ivithoiit other developmental anomalies (Figs 265 266 
and 267) 

Tlie defect m the clavicles vanes m extent m different cases, the condition 
most frequently seen being an alienee of the central portion of the bone In 
some cases the sternal end only of the bone is present and very occasionalK 
the acromial end only Both clavicles may be completely absent 

Skull changes are usually present also and large unossified areas may be 
seen The fontanelles and sutures are widely open and the anterior and pos 
tenor fontanelles may be muted in one large bone defect extending from the 
front to the back of the skull Tlie irnntal and parietal eminences are unduly 
promment, and the bones show much bossmg 

The bones of the face are small, as are also the nasal smuses, and the ba'-e 
of the skull IS short Dentition is delayed 

As m the case of all congenital defects, associated deformities may be found 
m other parts of the skeleton 

Chnicallj, the patients show a largo head and a small face, but the most 
striking feature is the patient’s ability to bring Ins shoulders together io the 
middle Ime The condition shows a marked hereditary tendency, but isolated 
cases are recorded 
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CONGENITAL MALFORMATIONS OF THE SPINE AND PELVIS 

The coegenitae abnormalities of the spine vary from such gross deformitj 
as IS seen m a ease of myelocele nlnch is incompatible with life to the minor 
variations in the lumbo sacral region classified as spina bifida occulta which is 
disclosed onlj as a result of a radiographic exammation and occurs so com 
monly as to make it difficult to decide nliether it would not more properly be 
described as a normal variation 

The normal arrangement of the aertebrie is seven cervical twelve dorsal 
five lumbar five sacral and five coccygeal The total number is fairly con 
stant and the simplest variation is wliat is know n as pre or post fixation of the 
thorax In pre fixation the rib bearing vertebroj mo\e up one and nbs are 
found associated wnth the seventh to the eighteenth aertebree while in post 
fixation the nb bearing vertebrae move down one and there are consequent!} 
eight cervical And four lumbar vertebrae There may however be an extra 
nb bearing aertebra m either the cervical or the lumbar region or the last rt1 
may be absent on both sides In addition to these sjmmetncal variations 
there may be an extra nb or ribs on one side or a unilateral deflcienoj in the 
number of ribs These sanations arc associated either with supemumeran 
or deficient hemirertebrie 

Tlieunost common sites for vanaf ions in tJie development of tJie spine are 
m the atlanto occipital region and in the regions of transition from cervical 
to dorsal dorsal to lumbar and lumbar to sacral vertebras The vertebra 
are normally ossified from tliree pnraary centres — one for the bod} and one for 
each side of the neural arch The centres for the neural arch unite postenorK 

in the first }ear of life and the neural arch unites with the body in the third 
}ear Vanations in these ossific centres and failures of the component parts 
of the vertebrje to unite normally occur m certam cases with resulting de 
formities which vary greatly m degree The body instead of ossifying from 
one centre may ossify from two separate ossific centres and if these fail to 
unite there is a resulting antenor spina bifida or a centre may appear for one 
half of the vertebral body ivithout a corresiionding one for the other half m 
which case we have a hemivertebra If this occurs m the dorsal region the 
nb which would normally correspond with the missing half is also nussuig 
There may also be supernumerary hemivertebra} and if these occur m the 
dorsal region tl ere w ill be corresponding supernumerary ribs In the same 
w ay the centres for the neural arch may fail to unite and produce a spma bifida 
350 
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but in addition to tliPM? simple variations we maj find gross congenital 
abnormalities m which an cxtrcmclj irregular bone formation occurs m 
the nnteted area avith the result that the normal structure of the sjiine la 
entirelj lo t 

CERVICAL REGION 

It has aIrcacU betn mentioned that the rongenital almormahtios tend to 
occur mo«t freejnenth in the tnnsdionsl regions of the spine and as we 
consi ler tin apmo from n1>o\e dowmaanls the first taTX. of sanation occurs m 
the upper cervical region Here a anoiis tvi>cs of synostosis oLciir Ihe aths 


I ifiH s n 1 ^ a — M f >*11 Rjai IronH' Tl f f*Ml oprun* »t w th stiort t wk w tl the 
cotnl nation hf f«««l tra an I up na I f In 

lun lx? fused wilb the oecjpiit— otcipilnhsntjon of the aths — the atlas and the 
axis mav lx* fused together or the odontoid may lie fused lo the atlaa 

KHppcl-Fcil Syndrome — 7v/ippel and Fed first dcstrilicd an abnonnalitv 
< f tlie ('crrual spine irlneh is associated with their names Patients with this 
Cl n IiUon pIiow a sliorteiung of the nee! with markctl limitation of movement 
in tins region (higs JDS and 2ro) TJiov also have hairgnming Joii douii into 
till noiK Vhen txiimined railiographicalK — a ^iroc-cclure which is not at all 
ens\ to cam out s itisfactonlv owing to the fixation of the he id and tlie 
frequenth oemted torticollis — it is found tint ecvcml verlebro in the iqipor 
cervurd ngion an. fu-H'd together Vmietimca the fusion is complete hut in 
some n«e*. jt mav onl\ nffect the vertebnl boflics and in otliere only the 
iieiirul nrehea Itelow the e fused \crlebre then ih usiiallv a apina bifida 
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affecting the Io\ver cervical vertebra which shov a failure of closure in licit 
arches posteriorly 

It may be mentioned here that although for convenience the various types 
of congenital abnormality are considered as they occur m the different regions 
of the spme they do not necessarily occur singly and a variation in one region 
maybe and frequently is associated with one or more abnormalities m other 
parts of the spine — or m fact in other parts of the body — and the Klippel 
Fell syndrome is no exception to this 

Cervical Rib — In the lower cervical region the most important variation is 
the presence of a rib bearing seventh cervical vertebra The cervical nb may 
be unilateral or bilateral If-unilateral it may be assoc ated with a supemumer 
ary hemivertebra but as a general rule a unilateral cervical rib occurs m 
association with an otherwise normal seventh cervical vertebra A cervical rib 
may be very rudimentary or it may be a well formed rib which articulates at 
Its anterior end vith some point on the first dorsal nb The presence of a 
cervical rib is important because it may cause pressure on the nerves of the 
brachial plexus In this connection it must be remembered that it is not 
necessarily tlio longest or the best forme's nb which is most likely to give 
trouble While it is true that a well formed cervical nb mdy cause pressure 
on the nerves one often finds riba of thisljqie vhich are easily palpable in the 
neck causing no untoward symptoms wliatever On the other hand a rudi 
mentary nb which on the radiogram appears to be insignificant may be tl e 
cause of a severe nerve lesion for rudimentary nbs of this type are frequently 
connected to the first dorsal nb by a dense band of fibrous tissue which 
although invisible on a radiogram maybe and frequently is a definite source 
of pressure on the nerves 

Although accessory ribs in the cervical region are almost always found 1 1 
connection with the seventh cervical vertebra cases have been described show 
mg cervical nbs associated with the fifth and sixth cervical vetebrse— such 
cases are however rare Without the actual development of a cervical nb 
the costal element of the seventh cervical vertebra may show considerable 
enlargement from which as from a cervical nb a dense fibrous band may ex 
tend to the first dorsal nb and cause similar symptoms of nerve pressure 

DORSAL REGION 

Congenital abnormalities of the dorsal region of tlie spine and of the nbs 
must be considered together since a vertebra and its corresponding nbs con 
atitute a spinal segment As mentioned above the whole thoracic cage may be 
moved upwards or downwards the first nb bearing vertebra may be the 
seventh or the nmth and the last the eighteentli or tlie tw entieth There may 
be only elexen nb bearing vertebr® or there may be thirteen Deficiency 
of the ribs may be bilateral or unilateral and tl e same applies to extra n s 
Cases of gross abnormality of structure of the dorsal spine will also show gm 
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nb defonmtJes {pjg 270) Several nbs on one or both sides inaj be absent, or 
may show irregular fonnatiou with extensi\e fusion A case of simple hemi 
vertebra whetljcr super 
nunierary or not wall show 
a nb onlj on tlie side of 
the half vertebra Apart 
from numerical a-anationa 
and gross defornntj one 
often finds a simple nb 
variation m which the 
anterior end of i nb is 
bifid orsplavedout While 
man} of the spinal de 
fonnities are onlj of 
academic interest the 
bearing of spinal de 
formvties on scoliosis is of 
considerable importance 
Congenital scoliosis is 
except in rare ca«es due 
to congenital deformitj of 
the spine — the dor««il 
region tisuall} due to a 
hemn ertebn It is wiipor 
tant to reah«e that al 
though the scoliosis is due 
to a congenital defect it 
mil m all probability not be discovered until the child sits up or walks and 
in some cases it may not lie discovered until adolescence for although it nsed 
to be thought that all ca«es of acobosis del eloping m adolescence were of the 
static type radiographic examination shows that some of those cases are duo 
to a pieiioiisjy iinretogiused spinal deformity 
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LUMBAR AND SACRAL REGIONS 

In the lumbar region there may be an extra vertebra or one may be 
deficient Lumbar ribs may be present The most important \ariations 
however occur at the luinbo sacral junction The fifth lumbar aertebn may 
lie jomed to the sacrum a condition known, as sacrahsahon of ihc fifth lumbar 
lertebra This sacrahsation may be unilateral or bilateral and m the nni 
I lateral cases we haae one of the causes of congenital scoliosis Union of two 
' of the lumbar vertebr-e may occur and it must be remembered when 
^ considering a radiogram of an adult patient whicli shows fusion of two of tlic 
\Rni — 23 
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lumbar vertebrie that old-standmg disease of the \ertebral bodiears not the 
only cause of the condition 

Spina Bifida — Spina bifida may occur in anj part of the spinal column hut 
the majority of cases occur in tlie Inmbo sacral region It is due to a defective 
development of the spinal canal and according as the normal development u 
arrested at \arious stages so the different tj'pes of spina bifida are produced 
varying from mjelocele or rachischisis to minor cases of spma bifida occulta 
Of the fi\ e ^ arieties described myelocele is incompatible vnth life Its interrt 
for the radiologist houever lies m the fact that it may be recognised in utm 
at a pregnancy exammation by a localised kj^ihotic deformity m the lower part 
of the foetal spine w hich extends over several of the \ ertebral bodies The 
appearance seen is quite charactenstie and its recognition is of course valuable 
information for the obstetrician {tide Volume II Fig 294) Syringomydocdt 
and meningomyelocele are due to gross changes in the spinal cord and the cauda 
equina and are aseoe-ated with paralysis for which treatment is of no avail 
The only types which are of imp^^nce masmuch as that treatment is possible 
are meningocele and spina bifida occulta In meningocele no true nerve tissue 
18 involved the cord and the nerves arising from it are normal and the 
tumour 18 due to the distended meninges bulging through a defect m the neural 
arch due to arrested development of the lammas and their failure to unite 
posteriorly Such a sac may in suitable cases be removed 

In spma bifida occulta there may or may not be an> mptoms Paralytic 
symptoms uhen present are usually due to adhesions and surgical treatment 
may m such cases effect a cure Radiographic examination m these ca^s is ol 
the greatest importance for it may be the only method of estabbshuig the 
diagnosis uith certimty The fifth lumbar vertebra and more frequently the 
first sacral vertebra are tlie ones which most commonly show a condition of 
spma bifida occulta and anomalies of the development of the arch of each oi 
these veitebree are extremely common Failure of the lammse to unite pos 
teriorly may be seen as a simple fissure ortheununitedportionsofthearchma} 
run obliquely at different levels and the spinous process may also be obhquelv 
placed Again the spmous process of the first sacral segment may ^ 
absent leaving an open space approximately triangular m shape — the so-callea 
open sacrum It is extremely difficult to decide how far these vanations are 
to be regarded as abnormahties or at least since they are all abnormal how 
far they are to be regarded as being of any significance The more severe 
types when tie lesion affects several vertebrae are obviously definite' 
abnormal but simple failure of fusion and fissure formation and the vano^ 
degrees of obliquity seen in the arrangement of the unimited portions o t e 
arch of the first sacral segment are seen so frequently as accidental findings m 
the course of an exammation for some other purpose that it is difficult toas^e^ 
their climcal importance A very large number of apparently normal peop « 
when examined radiograplucally show a spina bifida occulta on the o c 
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hand spina bifida occulta maj occur in others in association wnth signs and 
siTOptoms nhich indicate its presence In some eases p^iraljeis of the lonei* 
limbs, neurotrophic disturbances, sphincter troubles, nocturnal enuresis, and 
gradually developing deformities of the feet may occur, and tliese may be 
accompanied bj such local sign^ a^ depression of the overlying shin, tlie 
presence of a tuft of hair, or an area of pigmentation or tehngiectasis There 
fore, while a simple fissure or muior bone defect may be of no clinical signifi 
cance, it is important to examme Tadiographically all patients, particularlj 
children, who show such troubles as those mentioned 

THE PELVIS 

The pelvis is rare!} the seat of roarheil degrees of congenital abnormality 
The deformities of the sacrum alreadj mentioned constitute the commonest 
type of deformitj *!een Two rare tjpes of deformitj call for mention, how' 
ever on account of their importance, m ob^trics The Negele and the Robert 
type of pelvis are respectively the uuilate^Rnd the bilateral type of the same 
congenital defect, and are due to defective development of the ala sacn on one 
side ui the case of the Negele pelvis, and on both sides m the Robert pelvis. 

In the Negele pelvis one wing of the sacrum is either absent or rudimentary, 
the 03 mnominatum on tbo afiecteil side is smaller than normal, and the sacrum 
and the ilium are fused together at the sacro line joint Tbo result of this 
deformity is to produce a marked obliquity of the pelvis with the symphysis 
pubis over to the sound side 

In the Robert pelvis, the rarest type of deformed pelvis from the obstetrical 
point of view, the defect is symmetrical Both alie sacri are affected, and 
instead of an oblique pelvis a symmetrical narrow pelvis is produced 

There has been a considerable amount of dispute as to whether these pelvic 
deformities are due to a congenital defect or to old standing disease at the 
sacro iliac jomt, but tbe evndenee points conclusively to the fact ^hat in the true 
Negele or Robert pelvus there is no sign of a previous mfiammatoij lesion 
The confusion appears to have arisen because m either tyT® of defect the sacro 
ibac joint is obliterated, but such fusion of bones in tbe ca<»e of congenital 
abnormalities is, of course, a common experience m otlier parts of the skeleton, 
and IS seen especiilly frequently in spinal defects A pseudo Negele or 
p^udo Robert pelvis may, how ever, be produced m cases of old osteitis of the 
sacro iliao jomt on one or botli sides 
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CONGENITAL ^ULFOR^rATIONS OP THF UPPER ANB LOWER LRIBS 

The extremities may show many congenital deformities varying widely in 
extent They may fail to develop entirely or may become mere stubs of limbs 
Sometimes the proximal segment of the limb is normal and the distal portion 
s deficient — hemimdua — or conversely tlie proximal segment may be miss ng 
and the hand or foot may sprmg directly from the trunk like a seal s flapper— 
‘phocomdm The lover limbs may be fused together throughout their entue 
length with var3nng bony defects and synostosis producing the mermaid types 
of delormity In such cases of gross deformity a radiogram will demonstrate 
the nature of the bony abnormality 

THE UPPER EXTREMITY 

The Shoulder Girdle 

Sprengel s Deformity — ^This is a congenital deformity due to a failure of the 
scapula to descend from its embryonic position in the neck to the upper part 
of the thorax it is therefore abnormally high in pos fion As a rule it is 



Fjg ”71 — Sprengel a 'Defonn The scapula on the affected s de s ) gl in pos t o" 
assoc ated w th abnormal le elopment of the cerr \ ertebrsc and the p esenco of a plot* 
bone extend ng outwar Is f om t) e afTecte 1 b dd to the scapula 
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rotated feo that the inferior angle is nearer to the spmc than the superior one 
hut the rotation maj occur m the opposite direction Tlje bone is abnormal m 
sinpe and tends to approximate more nearly to that of an equilateral triangle 
instead of having the aertebral border longer than tlie axillarj one It 
IS conca\e nith its concavity forwards owing to the bendmg fonvard of the 
supraspinous portion of the lione The superior angle is freqiientlj opened 
out producing an angulation m the vertebral border From the upper part 
of this border or from the superior angle there maj lie a fibrous band \miting 
tbe scapula to the spine or there mav be an extra, bone or cartil iginous plate 
in this position winch corresixinds with the suprascapnla bone of the lower 
animals (Fig 271) If such a supernumerary bone is present it is usually 
trnngular in shape ivith its base adjacent to tlie upper jiart of the vertebral 
border of the scapula and its ape\ against one of the loner four cervical 
^ ertebra? It may be united to the spine or the scapula bj cartdage or there 
may be bony imion at cither end thus firmlj uniting the scapula to the verte 
bral column by n continuous bridge of bone 

In some cases there is al«o an associated cervical spun bifida or a liemi 
Nertebm In its simplest form Sprengel s deforroit> consists of notlimg more 
than a scapula which is placed umiaually Ingli m jiosilion and shows little 
variation m shape from the normal while m its extreme form there is m 
addition to the elevation of the scapula deformity of the bone and gross 
congenital defect m the cernca! vertebral Between thesie two extreme'. 
V arying degrees of deformitj are found show mg one or more of the abnormal 
itics described above The condition may be bilateral or unihtera) bet tlie 
unilateral form is the one more commonly seen 

Hereditary Clcido-cranial Dysostosis has alrendj been described in connec 
tion with skull dcfonmtiea 
The Humerus 

'^he hones of the arm arc of course completelj nussing in cases wlieie the 
thild\s bom witliout one or other of the anus and as alreadj mentioned 
cases are recorded in w Inch the humerus and radius and. ulna an. missing and 
the hanil articulates directlj with the scapula Apart from such cases how 
ever it i» oatremelj rare to find a congenital absence of the humerus m fact 
Jhe -ju flienis shows little tendency to congenital vanatibn Cases have been 
described vrliere the shoulder joint showsa congenital abnormality m which the 
glenoid IS convex and theliead of the humerus concave but they are extremelj 
isio The congenital deformities in both upper and lovrer limbs> mcreasc m 
number as one pa<sse'> towanls tlicir distal ends 
The Radius and Ulna 

Of the long bones of the arm the radius is the one which ii> mo»t commonly 
aliMint or partnllj so for ui cases iii which ehtiicaUv the radius appears to be 
rtlMint a nidtograiti frequently shows that the proximal end of the bone is 
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present Other cases are described in which both ends of tlie bone aie present 
and tl e middle portion is missing Associated with congenital absence of 
the radras there may be congenital absence of 
the thumb and sometimes also of the fingers on 
the radial side of the hand (Fig 272) 

Coi^nital absence of the ulna maj occur 
but such cases ate rare as an isolated defect 
Here agam the defect may be complete or 
partial Congenital absence of either the radius 
or the ulna or of either of their distal extremities 
produces what is known as congenital club hand 
m which condition the hand is deviated as 
would be expected towards the side from winch 
the bone is missmg and either a radial or an 
ulnar club han<I may be produced accordinglj 
Sjnostosis of the bones of tlie forearm maj 
occur most commonly at the proximal end of 
these bones and there maj 1^ an associated 
dislocation of the Lead of the radius (Fig 273) 
Such cases of synostosis show a marked 1 ere 
ditary tendency In addition to the sjnostosis 
of the radius and ulna cases have been described 
m which the humerus radius and ulna have all 
been fused at the elbow 

A rare congenital deforimty which occurs at 
the elbow joint is what 1 as been described as patella cuhiii m wl ich the ujiper 
extremity of the ulna is deformed and a large sesamoid bone is foimd on the 
dorsal aspect of the elbow joint analogous to the patella at the knee joint 

The Hand 

The congenital deformities of tlie hand 
are very numerous and show a large 
number of variations There may be 
supernumerary digits or one or more 
digits may be absent Phalanges may be 
missmg or deformed One metacarpal bone 
maj be absent its neiglibour may show 
a forked distal extremity supportmg two 
fingers or the first metacarpal bone may 
support two thumbs There is an almost 
endless number of aanations from mmor 
defects to complete disorganisation of the 
normal architecture of the hand (Fig 274) 


Fic 273 — Synostos s at tl e upper end 
of the raJ as an 1 ulna 



Fio Congen tal abse ce 
of tho rad us w th aasoc ated 
absence of one metacarpal t one 
on 1 tl e bones of the correspond 
pg ) nger 
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Certain well recognised tj'itea of deformity ntay, however, be mentioned 
UrachyphalanQia is n condition m which there is an abnormal shortness of one 
or more of the plialanges, iwuallv the middle one In brachydactijlia the 
mctacorpals arc abnorraallj short, or this fehortn,<?‘'^ raay affect onl v one of the 
metncarpals m which case it is ii^unlh the fourth which is affected A gross 
dcformitt m which the hand ls more or less sjilit into two parts is known as the 
l(>l>'!lcr-daic deformiiy (Fig 275) In thw the fingers are fused into a radial and 
an ulnar group and one or more of the ractacarpals is missing or misplaced 
Syndactyly is a condition in which the Gagers are webbed It ma> affect two 
or more fingcn> and the union nmj be bj skin onl^ , or bj skm and connective 



Fio 271 —Cro-swsnprnitttlsi nonmUil^ « fonc Iwwl in vhicli tho i>one9 a foul iNpeof 
leielopment Notice » 1*0 the bnwJij'pf alsnpa m the index and } ttlefjj pen of IhecDier hmid 

tissuc,orthel)onesmaraetiiallv befuseil Polydactyly ortliepre«enceof extra 
digits or parts of digits, is a fairh frequent abnormahtj, nmlas mani as eight 
digits raaj be found on one Iiand The extra digits umalJj occur at one or 
other end of the row, although centrally placed extra digits maj be found 
There i» usualh hltJe iliflicultj m deciding ladiographicallj which arc theextra 
digilR for the\ arc as a rule, abnonnan3 devclopetL All these congemtal 
deformities of the hand maj be umKteral or bilateral and tliey «how a vcr\ 
marked hereditary tendeiicv Brachydactyly, svndact>I>, and poljdactjli 
C'pcciaUj are verv frequcntlv inhenicd and mav be traced through 
mnnv generations 
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Arachnodactyhj (spider fingers) is the name given to a condition m w hicli the 
fingers and toes are undulj long and slender It is a rare condition which was 
first described by Marfan in 1896 smce when only a few cases have been 
recorded The case illustrated is the only one the writer 1 as seen (Fig 2'!6} 
A number of causes have been suggested to account for the condition but it is 




F 0 "7o Lobster claw defor 
m tj of the hand 


Fio 0 Arachno 
lactyly 


now regarded as a congenital abnormahty a view which is supjjorted by the fact 
that m the recorded cases the abnormality m the hands and feet is associated 
with other congenital defects The long bones generallj are mereased in 
lencth and children with this condition are tall for their age Skull defects 
mav be jiresent and ocular symptoms due to dislocation of tlie lens anl 
trembling irides have been described The muscles are weak and atonic and 
it has been suggested that the condition is all ed to amjotonia congenita 
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THE LOWER EXTREMITY 

The congenital deformities of the lower extremitj vut} from complete 
absence of both bmbs to minor vanations m the development of the phahnge^ 
The prc'^nce of three lower limbs has been described As m the case of 
the arms the vanations occur most commonly in the distal portion of the 
lower limb« 

The Femur 

Tlie femur nn,\ be ab^sent m one or both legs, or more commonly it mav be 
partiallj absent m whicii ea^e either the upper, middle, ot lower portion of the 
bone ma\ be mi'ssing When the upper and middle portions arc mi'^smg the 
loner end maj be fused to the tibia 

The Tibia and Fibula 

The commoneftt gross congcmtal deformity of the leg bones is ab'^ence of the 
fibula Wore rareij there maj be congenital absence of the tibia In either 
ca«e the defect may only be partial When tbe tibia is absent, the patelh maj 
also be mi'smg Congenital alwence of either the tibia or tbe fibula is one of the 
causes of congenital club foot 

The Foot 

As m the case of the upper hmb the bones of the band are the commonest 
♦.itc of congenital abnorraabties so m the lower Jimb the bones of the foot are 
most common!) affected One or more bones may be mi'ising and/w/ydoc/yZy 
gyndaclyli/, araglinodcicUjhj, and brac1tydaciylyocc\iT as thej do m the hand In 
the tarsus t\vo or more of the bones maj be fu«!ed Defornuties of tins t)pe are 
not so impoitnnt in the foot ns thej are m the hand but of course, gro«« 
defotnutie« m the lower hmb ma\ constitute a senous handicap 

CONGENITAL AMPUTATIONS 

maj occur in the hmhs at anj icrel In the past they have been 
a^tnbed to a ^ anetj of causes but in genera! the cau'se has been assumed to be 
some mtiautermc constricting band which inia produce a congenital furrow 
round tbe affected limb or even produce a complete amputation Amniotic 
bands and constriction bj the umbilical cord have both been regarded as pos 
sible causes but more recent worL costs verj considerable doubt on the theor\ 
that either of these factore is ever the real cause, which appears to he an 
\ntrin<uc one 

CONGENITAL DISLOCATIONS 

Congenital dislocations raav occur at several jomts, but the only one which 
IS at all coramonU seen vs that which occurs at the hip jomt Congenital 
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dislocation at the laiee joint occurs next in order of frequency , but it is a rare 
condition, and >ihile congenital dislocations have al«o been descnbed at the 
shoulder elbow, WTist, and ankle, and also m the small joints of the fingers, 
thej are so rare as to be curiosities of the literature on this subject 

Congenital Dislocation at the Shoulder Joint 

\ congenital dislocation at this joint is very rarely seen It must be dis 
tinguished from a dislocation due to paraljsis or to tiauma at bu-th It is 
usually associated with congenital bone defects at the joint 

Congenital Dislocation at the Elbow Joint 

Tins again is a ^ery rare condition, and generallj consists of a stibluxatioii 
of the head of the radius The more severe forms are associated with bone 
defects such as sjnostosis of the radius and ulm 

Congenital Dislocation at the Hip Joint 

Tins IS an extremely important congenital defomiitj from the radiologi-t's 
point of view inasmuch as success m treatment depends in a great measure on 



Flo ‘’77 — Congenital dwloeation of ttn* left hip joint with poor deielopmcnt of the Ossific centre 
of the femoral bead 

Its earlj, recognition It maj be either bilateral or unilateral, the unilateral 
cases occurruig about twice as commonly as the bilateral ones It exists at 
birth, but as a general rule is not recognised until the child begms to walk 
The dislocation maj be complete, or there maj be only a subloxation at theliip 
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joint. The displacement of the femur, if onljr slight, maj* easily be orerloohed 
111 an infant, since there is little of the bone at the upper end of the femur 
rssified. It is therefore essential to obtain a radiogram \cith the pelvis and 
limbs correctly placed m the straight position. Before the femoral epiphysis 
ja ossified, the abnormal shape of the acetabulum is the most important jioint 
in the recognition of the condition, but after the epiphj’i.is has appeared, the 
dislocation is more easily recognised. Tlie epiphj'^is U smaller than normal, 
and ossification is delayed. In unilateral eases the delay in the appearance of 



Flo 278 CoQCPnil&l ili'4{oc«tioii at thu tup joint. Xote tho laek of devolopmeot of tlie ama 
buUim and iho '■niaU epiph\its of t)>o Iicad of the Ti mvr on the aScrted «idc. 

the epiphysis can easily Ik? recognised, as can also its smaller sire (Figs.. 277 
and 278) 

Ojimions differ as to the cause of the condition. Some uTiters maintain 
that it is due to a defect in the development of the acetahiihim, where the 
normal bony outgrowth u Inch produces its outer margin or run is deficient, an<l 
that it is therefore primarily a bone defect. On the other hand, there is the 
view that the primarj' defect is an abnormal slackness of the ligaments and 
tendons, and that the bony changesare a secondary development — and certainly 
m support of this view wo have the fact that if the condition is recognised 
and treated at an early stage, the acetabulum appears to develop normally 
after the dislocation has been reduced. 

At birth the whole of the upper end of the femur, inclnding tlieneck and the 
trochanters, cartilaginous, as is also a good deal of the acetabulum. At this 
stage there is no evidence of any defective development of the acetabulum, but 
as grouih proceeds, the acctabulnm is seen to be abnormal, for ii hercas normallv 
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the upper part of the acetabulum is placed horizontally and makes a buttress 
uhiclx prevents upward movement of the femoral head in a case of con 
genital dislocation this upper portion is much reduced in size or absent T1 e 
acetabular cavitj is shallow and tends to come almost into line with the outer 
surface of the ilium and m fact does so except for a small projection which is 
all that 13 developed of the normal projectmg upper margin The head of tl e 
femur is normal at birtli but secondary clianges occur later As it does not 
have to carry the body weight or withstand the normal stresses which arc 
the result of its position in close apposition to the acetabulum ossification is 
delayed and in unilateral cases a marked degree of difference mav be seen m the 
size of the ossified femoral epiph 3 rai 8 on each side In the absence of the femoral 
head the already shallow acetabulum becomes more markedly so by the o\er 
grow'th of cartilage and fibrous tissue a point which maj be recognised radio 
graphically bj the wide joint space seen after reduction has been effected In 
old standing cases as the femoral head becomes fully developed it becomes 
conical in shape and the neck of the femur which is short is placed honzontallj 
and tivisted forwards it is therefore seen foreshortened m a radiogram 
The pressure of the misplaced head of the femur against the side of the ilium 
may produce a depression m the bone which constitutes a false acetabulum 
In most cases this depression is quite shallow but in some cases it ma} become 
quite a well formed socket in which the femoral head is held securely (Fig 279) 

The diagnosis of the condition is perfectly obvious radiographically when 
the child is not seen until after the epiphysis at the liead of the femur has 
become ossified but when seen at an earlier stage its recognition is difficult 
There is no abnormality to be seen m that portion of the acetabulum which is 
ossified and the only guide is the displacement of the femur This vanes 
greatlv m extent At first there ntay be no recognisable displacement in fact 
displacement may be negligible until weight bearing begins If there is any 
displacement it may be recognised by the breal in the normal contmuous curve 
from the necl of the femur to the pubic ramus The necessity for accurate 
centring of the tube and correct positionuig of the child is therefore ohviou« 
if a diagnosis is to be made at this stage The delajed ossification of tie 
femoral head may offer a clue but although ossification normally commences 
between the third and sixth month it must be remembered that all ossification 
dates are liable to considerable variations within tl e limits of the normal and 
delated ossification is by no means uncommon m a perfect!} normal hip h> 
unilateral cases howe>er the difference between the two sides ma} be I’erv 
helpful Therefore while the diagnosis m a well developed case is perfectl} 
ob\ lous It IS necessary to realise that cases of congenital dislocation cannot 
always be recognised wath certamtj m a radiogram at an early stage of the 
tlevelopment of the condition 

Durmg the course of treatment of a case of congenital dislocation the 
radiologist is called upon to decide whether the dislocation has been reduced or 
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not : in conncrtion it in imiK»rtnnt to lio on the nfttch for fractures in the 
upj>cr extremity of the fcnnir, >ind«inecthc liml* nill Ik? in plaster, good mdiO' 
grams are ef^'iitial if frattures are to Iw recognised. They must Ixs looted for 
cspcrinlly in thcca'H>of ivitientswlio, having had their hmt>** in plaster for some 
time uitlj fmltin* to reduce the ihslocntion, are aubjectctl to a further attempt 
at reduction l)cfore the lx>no lias recororwl from Uh i>eno<! of disuse. 

The rt'sultK of treatment may vary eonsidembly. Ke.illy good final results 
as judged radiogmplueally are not ns fre/|ucnt as one might imagine, judging 
by the apparently sue<‘e‘‘sful reduetum at the time of manipulation. The fad- 



1 1(1 J~t> Doulili' I mini <ll^l M Mli'm Ht titf- tu|i j<iiut with ttH> ((c\ rln])im nt rif n Ari^tu* 

liiiltrrn (ii tlv* iIkicii <m c^<h «i<k' 

ure of the mejnhiduni lo lievTlop normnlh may licfeat all attempts to rtt.sin 
the ftmonil head m the normal |M>sitioti for although m some eu'^-saftei early 
reduction of the disjotction the art (ahiilum apiK-ars to develop normalJ\\ thi^ 
IS l>v no mean'* the rule, rurthermorc. the feinoml head may 1 h‘ subj^'tlctl to 
sue)) a tlcgree of tnninm in the roiir«e of manipulation that its gnnvth is 
impnri'tl, and in this ap»m the hip joint dot"* not develop normally, with 
the result that in ohl-standing rase- it may lie diHiMilt to deride uluther the 
eondition h one of old osteoehomlrilis of the femoral head or an old congenital 
didoration uhich has liecn redmvfl. 

Congenital Dislocation at the Knee Joint 

A eonguntnl dislocation at the kmc joint W'lually "hous fomanl displace- 
imnt of the lihii on the femur. Chnically. these lases shmr the appearance 
of hyi'erextension at the knee jinnt. In prim recun*alum hyp< rcxtension 1*4 
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also present due to laxity of the ligaments hut in this condition the tibia is 
placed in normal relationship to the femur If a genu recurvatum is untreated 
however a dislocation may develop Congenital absence of the patella maj 
occur in a case of congenital dislocation at the Icnee joint Congenital dislocation 
of the patella is a rare condition The patella is usually displaced outwards 
and may be associated with a ilatteiungof the external condyle of the femur 

Congenital Dislocation at the Ankle Jomt 

This usually occurs m a^ociation vritU bone defects VolLmann s con^jenital 
ankle deformity is a condition m which the foot is developed normal]} but 
the fibula is rudimentary Tlie ankle jomt is obliquely placed and the foot is 
in the valgus position 
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TRAUJIATIC LESIONS OF BONES AND JOINTS 
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FlUCTURES OF THE FACIAL BONES 

BY 

H. K. Graham Horcsoy. C.Y.O.. M.B.. F.R.C.P., F.F.R., D.M.R.E* 
CHAPTER XXIV 
FRACTURES AND DISLOCATION’S 
GENERAL PRINCIPLES 

The PcrsDAMENTAL principle of securing radiograms in Uvo planes has been 
established so firmly that it scarcely needs repetition. For many injuries an 
oblique projection is also desirable, to avoid a dense bone overlying a com- 
paratively thin structure or to avoid superimposition. Tlie experienced radio- 
logist seldom has to resort to stereoscopic films In fracture u’ork. 

The Recognilion of a Fracture. — ^Most fracture-s require little experience in 
interpretation . but all the information n hicU is provided by the film is often not 
used. For example, it is important to realise that fissured fractures often 
involve the joint surfaces, and to note the presence of sublu-votion of the joint 
or some abnormality in the stnicture of the bone. 

Pathological fractures may be «jggestcd by the nature of the injury and 
confirmed by the radiogram. Tlie bone in the region of a patholo^col fracture 
is usually altered in structure either by condensation or rarefaction, and the 
fracture line is frequently transverse. Tlie radiologist examines with caution 
any fracture line which i.s e.xactly transverse. 

Mistakes in Diagnosis. — ^Apart from the failures due to defective technique 
and poor radiograms, a fracture may be missed if the radiologist is unfamiliar 
witlt the lesions which are peculiar to sperial regions. Other errors are pro- 
duced by the overlapping shadows of bones and soft tissues, by nutrient fora- 
mina in the bonea, or by congenital abnormalities and ej>iph3'spal lines. 
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Union of Fractures — ^The rapiditj and security of union depend upon a 
number of factors among whieli ire the site of injury the age of the patient 
and the presence of general or local disease 

The presence of callus may be detected in favourable circumstances about 
the tenth day but fractures in some regions never show any callus and the 
presence of imion can only be determined by the appearance of the cancellous 
structure across the fracture line 

It IS probably true that the radiologist waits too long before reporting 
firm bony union as judged by clinical standards Alanj fractures «il] 
bear the body weight without difficulty Jong before the film show> tliat union 
ts complete 

Union of fractures is sometimes delayed Some estimate of the prognosis 
may be obtamed from an mspection of tbe surfaces of the fracture The 
prognosis deteriorates if there is evidence of bone absorption or sclerosis Tlie 
sclerosis maj appear as a thin layer of increased densitj which spreads across 
the opposing surfaces and then indicates tbe possibility of a pseudarthro is 
m other cases the sclerosis extends comparatively deeplj under these edges 
especially m the presence of sepsis 

THE SKULL » 

Inmfants part of the skull may be depressed without fracture In adults 
a fracture may be complete or incomplete the latter m\olving onh one of the 
tables The inner table usually affected as the resistance of tJie skull to 
pressure is greater than the tensile resistance a blow on tlie skull mav 
therefore cause tearmg apart of the mner table w liile the outer table returns to 
Its normal position 

Aftacturemaj involve the \ault or baseoftheskull or both the vault and 
base The type of fracture nia> be described as Imear fissured comminuted 
depres«ed or compound w ith or without loss of bone 

To obtain satisfactory films a standard teclmique is cs.-eiitial and 
stereoscopic films may be necessary In certain areas especially m ba-wl 
fractures more information can be gained from a modified sinu> and nia«toid 
technique than from standard stereoscopic views It is essential to use fixed 
bony landmarks such as the orbito raeatal line otherwise iTnstake-5 will be 
made m interpretation as a result of an unf a milia r projection 

An immediate attempt to demonstrate the site and extent of the lesion » 
often difficult or undesirable it is also not necessary as fracture Imes '■emam 
clearly defined for some time after the injury An early exammation maa w 
required to demonstrate a depressed fracture The depressed area is visib e 
m a tangential aiew or the double density of the overlapping fragments wi 
show m the ordmary film 

' of the efcull are further tle«<nbc I part culariy in the r neurological a pects mil 

sect on on the Central N er\ ous Sj stem 
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Earlv recognition of the site of the fracture is b1«o of value as it uill indi 
cate tlie possibititj of complications such as h®morrhage from a a enous sinus 
or nienmgeal arterj meningitis from a compound fracture opening into an 
air filled sums or pneuniatocmle capitis 

Fractures of the vault frequently run downward'^ and foniards but tliea 
maj travel m anv direction or extend to the base Tliej occur usinlU m the 
line of the ajiplied force and their direction is influenced to some extent by 
the ucaker areas in the vault and base 

Tlie base of the skull is liable to fracture as parts are comiiarativeh thin 
and there are numerous foramina nliicli weaken the structure T-he e frac 
tures are produced bj direct or indirect trauma anth irradiation or bursting 
One or more of the fo'^a? maj be intohed An ammlnr fracture round the 
foramen magnum occasionally occurs due to an impact transmitted tliroivli 
the a ertebrie 

Differential Diagnosis — There are manx shadows m a normal bIcuII mIucIi 
simulate fractures The*® are produced b\ suturei arteries and veins 

A fracture hue may vary m width or is mdest at the middle the ed„es are 
verx sharply defined it cro«ses arterial and other lines and tends to change 
direction by angles 

5{d«retf appear as fine or dentate lines m constant yiositions Ifastandard 
teclinique is alnaas used the position of these sutures is soon recognbed The 
prcBence of congenital abnormalities should also be borne in mind such as non 
union of the two parts of the frontal bone forming the nietopic suture Anothei 
type of error is failure to recogni-^ the hue of non union between the basi 
occiput and sphenoid In the adult the squamosal suture when seen in the 
antero posterior projection max lie interpreted as a fracture A suture may be 
xsndened bx trauma but suture lines vary considerably m width ui different 
mdixiduals and the pre’^nce of diastasis is best determined by comparison 
with the opposite side of the skull 

Arterial grooies are produced by the xessels of the meninges their edges 
are smooth and the grooxes branch m arboreal fashion with progressixe 
dimmution in calibre 

The xenons chmiTktla ate \noiwi and then conree is inegnWr TViex max 
begin in small lakes m the bone and anastomose xsith other xeins Tlic 
parietal xes els are often accentuated and tend towards a stellate form 

THE CLAVICLE 

Fractures of the Shaft — ^Fractures of tlio inner half of the elax icio are rare 
fhey are iisuallx due to a sexere and direct trauma The most frequent site of 
injurx i3 near the midpoint slightly toxvards the acromial end 

In infanli? the greensfick fracture m this region is most ditficuH to detect 
and max be oxerlooked Tins erroi js possiblr due to the slight ciirxe of the 
bone obscuring the fracture Moot radiologists have had tlie unfortunate 
SBin — 24 
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experience of having a fracture of this tjpe returned wth callus at the site, 
after they have given a negative report This mistake can only be avoided h\ 
taking oblique vie\is, a procedure nhich is hardly justified in routine iiork 

In adults, the fracture may be associated inth angulation duected uji 
Mards and a dropped shoulder Usually, however, there is gross displace 
ment the outer fragment moving dovvnwaids, forwards, and mivards, produc 
mg some overlap The displacement of the inner part is usually upwards 
and backwards 

Non union of a fracture is a rare event The complete correction of the 
displacement isalsorare Union is ncarlj alnajsassociated with a radiological 
deformitj 

At the acromial end of the clavicle, the fracture is transverbe or oblique 
The obliCiue fracture is more common on the lateral side of the trapezoid 
ligament The jomt may be involved and these lesions maj simulate, or be 
associated with, acromio clavicular dislocation 

Dislocation of the Acromio-clavicular Joint — ^After injuries m this region 
tlie film Mill frequently show widening of the joint space on the affected side, 
presumably associated with an effusion into the joint In frank dislocation 
the clavicle is raised above the acromion, and to demonstrate this it is prefer 
able to examine the patient in tJie upright position with the arm hanging 
by the aide 

One o! the sequel® of this injury is deposition of calcium m soft tissue At 
the Royal National Orthopaedic Hospital there were four mstances of this m 
the year 1937 In each patient the heterotopic calcium and bone were visible 
m the space between the scapula and clavicle, apparently m the coraeo 
clavicular ligament 

Dislocation of the Sterno-clavicular Joint is very rare The direction of the 
dislocation may be upwards and forwards, or backwards Satisfactory radio 
grams of this region are difficult to secure Tlie clinical examination is 
sufficient for the diagnosis 


THE SCAPULA 

Fractures of the scapula are rare They may be classed as fractures of the 
bodj , spine, neck glenoid cavitj coracoid and acromial processes All 
fractures wtU not be demonstrated clearly m a standard film of the shoulder 
In manj cases modification of radiographic technique is desirable 

The body of (he scapula is thm, and fracture lines maj be difficult to detect 
There is often commmution with overlap, and m tins ease the double densitv of 
the supeTimposed fragments will be visible (Fig 280) 

Fracture of the spine is usually associated with fracture of the body Disk 
cation of the acromio clavicular jomt is more common than fracture of the 
acromion process 
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Fracture oj the ghnoid cauty is 
i-erj rare, and tisualK mvolrea the 
lower part of the joint snrface 

The various epiphytes, esjieciaUy 
tho?e of the acromial and coracoid 
j)roce««es and mfenor angle of the 
body, should not be miataken for 
fractures 

THE HUMERUS 

Upper Part — Z)isp?ficewcnf of the 
epiphysis and fracture of the anatomi 
ra{ necL ate rare In some patients 
tlie fracture is m the region of the 
anatomical neck but not strictly con 
fined to It throaghout its length 

TTal^on Jones has suggested a 
simple claesification for injuries of the 
upper part of the shaft of the humcr 
us a& the cu^tomarj subdimion into 
fra cture of the anatomical and surgical 
neck has little to recomnieud it 

(1) Con/jwon croei. fracture due 
to a direct injury The greater tu 
berositj is often comminuted The 
irack m the neck is subperiosteal and 
mar be difficult to detect 

(2) Adduction fracture, equally 
common 111 adults and children The fracture line may be oblique Thelower 
fragment is adducted with outward angulation , the greater tulierosity isuitact 

(3) Abduction fracture common m adults, uncommon in children The 
teliaft IS abducted inth mward angulation Tlie outer asjiect of the neck 
receives the major thrust from the impact and the greater tuberosity ma\ 
split off the bone 

A pathological fracture through a cj^ is. not uncommon The epiphyseal 
line has been mistaken for a fracture 

In manj mjuries stereoscopic or lateral news are U5.eful The lateral 
radiogram taken through the chest is often verj useful, and may reieal a 
marked displacement uhich uas not visible m the antero-jHistenor film 

Fracture of the greater tuberosity is one of the commonest injunes m 
tins region It maj occur alone or be associated with fitictute of the shaft 
(especially the abduction fracture), or dislocation of the joint (esjiecialij 
anterior dislocation) The amount of bone detached and the degree of dis 



Fio iso — SuhtuxationoftheiMMttmio-ckvvi 
njisr lomi frariure of the aemmion proot », 
of the base of the corneoicl prore* , 
eml fracture of the of the scvpula 
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placement vaij considerablj The dnsplacement is caused bj the pull of th( 
supraspinatus ntu'icle 

Short of a frank fracture of the tuberositj a common condition which h 
frequently overlool ed is an elevation of a very small fragment of cortical bonf 
at the insertion of'various tendons in this region The tendon most frequent); 
resiionsible is that of the supraspinatus and more nreh the mfraspiiiatus an] 
subscapularis muscles A. lesser degree of trauma maj produce onh an irregu 
laritj of the outline of the cortex at the site of insertion of these tendon^ 
In order to show the full amount of this mjur\ it ma\ be necessan to tale 
films with some rotation of the humeral head 
Dislocation of the Shoulder Joint 
Dislocations maj lie classified as 
Forwards Subcoracoid —>■ Subclivicular 
Downwards Subglenoid 
Backwards Subacromial— > Subspinous 
The subconcoid dislocation is most common 

Other rarer types of lesion are luxatio ereefa in which the arm lies xerticallr 
upwards and the head is subglenoid and Bublnxatioii doimwards from 
weakness or palsy of the muscle 
especially the deltoid 

As complications of the'C injime« 
there mat occur fractures of the greater 
tuberositv neck of the humenis glen 
Old and rarely the lesser tuben>it; 

Lower Part — A suprocondjlct 
fraciurt is a very common injurs m 
cliildliood The fracture luie i» 
quentU oblique and directed upward 
and backwards A\ith posterior di 
placement of the lower fragment wLicli 
mav be drawm upwards bv the tneej’s 
(exf«H«ion fracture) In some patient 
the fracture line runs m the re;er-e 
direction and the fragment !■> displat^ 
F c 81 Fracture of the cap teOum of upwards and forw apda 
tcn^ea^s duration Either condyhr surfacc ma; lie fne 

commonh the evtemal 

Onf^ n e seq el* of this injui, w ute Tlie detached fragment is often rotate 
in\oUement of the ulnar ner\e This was (Fig 281) 

I ot afferted in th < pat ent Another COmmoil njun 

placement of the epiphyses of the epicondyles particularlr the internal epieon 
dyle {1 ig 282) The latter may he detached by the tension of the flesor 
n uscles, or b> direct violence Another explanation of the condition is 
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there 1 '' a jnomentm stibluxation of the 
joint MitU n^'nl•»lon of the epiphysis bj 
tlie intern'll literal (ulmr colhteral) 
ligament TJie cpipht^^is mix foim n 
loo«e lK)d\ in the joint 

III children the extension fracture i*> 
more freqncntU ‘•een than the flexion 
fritUire In icIuUs the condition i» 
tlic rcNcrvo and the loner frigment is 
often r or \ «hai»C(r nitli or 
without pcpiration of the fragments 
Injuries m tins region often unite with 
ilnindaiit cnlhts which extends iipwaitL* along the shift 

THE RADIUS AND ULNA 

Upper Part of the Radius — llie most common injun a terlical cretcL tn 
the hea 1 of the rndiu^ It is important to realise that this lesion nn^ be missed 
m films of jyior fpiahtt A sector of the hcid is often depressed and careful 
senitini of the cortex mivnl o reieil a break on the under and outer nnrgm 
of the held with slight OTcrhp (tig 283) In some 
instances the whole head is comminuted 

hraeturc of the nerl is not so common as fracture 
of the head \\hen displacement occurs the lower 
fngment iminlK lies postenorh the head nn\ or 
m It not bt held m iiosjtion In the orbicular ligament 
Lower Part of the Radius — Fmetures arc liable to 
occur m the lower thiril of the radius The necom 
pinjing displacement is mnucncetl to some extent bi 
the insertion of the pronator teres iiuiscle Alxixe 
the ms''rtion the upjior fragment tends to l>e flexed 
iiul snpinated bi the biceis and Mipinitid bi the 
Mipmitor brcMS Below the insertion the pupina 
tion is neutri/i-.cd to some extent bi t?ie pronator 
teres In both instances there mix l>e niirowingof 
t In. intcros-scous i>paec due to the action of the pronator cjuidntus 

In cluldreti the lower third is the most fffequtnt site of the grcciishck 
bncUimi or lumlioo ’ fracture of the ahaft 
Colics Fracture — V comjiantixeh well defined grouji of Iracturt-^ occur 
neir the wTI^t joint bcxcral of thc«c haxe received M?j>.iHte names or the 
w hole group arc cl is>cd ns Colics frictnrcs. 

The Colies' fnicture occurs through the lower end of the radius at a varx mg 
<listnnee from the articular surface miallx about Inlf nn inch It may be 
trmisxfr-c fisuretl or comimnuteil Tlie detached fragment is dispbc-od 



Fir s3 — Frnct* W < f 
fl f-ppi K nt of ll o h« a 1 of 
cl n< I i 
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upwards and backwards with impaction and with backward tilting of the 
radial articular surface Tissures frequently imolve the joint and are visible 
at right angles to the mam fracture 1 nc The bones of the distal radio ulnar 
joint may be separated and the styloid process of the ulnar is detached moier 
60 per cent of patients In the lateral view it is important to note the 
amount of dorsal tilt of the radnl articular surface and this may be used as a 
measure of the success of attempts at reduction In tl e postero anterior 
view the articular surface of tlie radius forms an angle of 30 degrees intl the 
shaft and this should be restored 
Some variations of this lesion are 

Fracture of the radius about 1 inch above the articular surface with the 
lower fragment completely detached and lying on the dorsum of the shaft of 
the radius 

Fracture of only the dorsal half of the articular surface of the radius 
Fracture of the radial styloid process 

A fracture in an adult extending across the bone m a position which iiould 
correspond with the epiphyseal line The lesion is charactensed by an absence 
of displacement 

The reversed Colies fracture 


In children the lesion which corresponds to the CoUes fracture is a dorsal 



displacement of the radial epi 
physis 

The Ulna — Tl e most common 
injury m the upper j art « fracture 
of the olecranon process It la 
usually transNcrse but may be 
oblique when it approaches the 
coronoid process The amount of 
displacement vanes the penos 
teum may be tom and the frag 
ment eleiated by the triceps 

The coronoid process is rarely 
detael ed The line of fracture b 
usually parallel to the si aft and 
the fragment may be displaced 
upwards by the action of the 


Fio "34 — Po ter or d local on of Ibe elbow brachiaks anticus Tie injury b 
JO nts th fracture of the head of the xal « associated mth po tenor cIls 

an 1 tra tu e ot the olecranon rn ch s I splaced 

pward location of the joint 

Dislocation of the Elbow Jow 

— Such dislocations may be posterior (frequently postenor and slightly 
lateral) lateral anterior or medial or there may !:« a divergent dislocation 
of radius and ulna Only tl e postenor (and lateral) dislocation is at a 
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common It ma\ be accompanied by a crushing injurj of the bead of the 
radius (Fig 284} 

Dislocation of a single bone is rare apart from fomnrd dislocation of the 
head of the radius mIiicIi is frequently incomplete, or a<isociated rath a flexion 
fracture of the ulna 

Dislocation of the lieid of the radius is an meTitabJo consequence of fnc 
turc of the ulna xnth o^ erlap The same pnnciple applies to any of the paired 
bones If one la fractured uith appreciable overlap, then the other bone must 
fracture not necessarily at the same level, or one of the joints must di->locate 
\ congenital dislocation of the head of the radius is a rare finding 

THE WRIST 

Fractures of the Carpal Bones — A Imcture mav be found m any of the small 
bonesj of the unst Some of these fractures arc rare Tlie proximal row are 
ln^olved more often tlian the distal 
ro^a and of the=e the number of 
fractures of the scaphoid is greater than 
the total of all other fractures of the 
carpus 

This bone is usually broken at or 
near tlie midpoint , but an avnUion 
fracture of the tubercle produced bv 
tension on the radial collateral ligament 
and a fracture of the proximal end al«o 
occur (Fig '28o) Fractures of the 
luliercle nluaas unite br lione 

Tlie bone usuallv has two or more 
separate nutnent \es>els one of irhicli 
may be tom at the time of injurv In 
tsonie patients, the ve««ei to the proximal 
half of the bone is ab^nt "ind thefracture 
tempomnly cuts off the blood supply \n\ disturbance of nutrition tends 
to cause condensation or partial necrosis of the part inmlved 

Fricturesof the scaphoid areeasih missed and it is necessary to lie able to 
dictinguidi lietueenan old and a recent mjurv In i recent fracture the edges 
of the fracture line are sharply defined md the ctncellous tt^sue beneath 
the fracture retains the nomnl tribeculated appearance After a feu 
weeks some cystic degeneration or absorption of the opjiosmg edges takes place 
and the appearance of the cancejlons bone in the immediate neighbourhood 
of the fracture becomes blurred At a later stage tlie opposing edges or one 
half of the bone may become sclerosed (Figs 3SC and 287) 1 his appearance 

js nccentijatrd h\ the osteoporosis of di.m«e in the remaining hones 

In the asse'iamcnt of the amount of union after fracture it is neccssaia to 



Fir ■*S.» — Fmettm* of lie pnsimil 
part of tln} I'capho (1 Fracturo of the 
cuneiform Fracture of the ilnrstlm of 
the ra Jtal articular surface 

Dislocation of (lie sem htnar Same 
pnliimt a-< Fig -S'* 
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recognise that little callus is visible and reliance has 
to be placed on the appearance of the cancellous bone 
and on the continiuty of tins cancellous structure 
In cases of non union a pseudartlirosis tends to 
develop with some sclerosis of the opposing surfaces 
A possible fallacy m the X raj mterpretation is 
failure to recognise a bipartite scaphoid This 
finding is very rare and the diagnosis maj be made 
on the fact that each part w surrounded bj a thin 
but clearly defined cortex The two bones are in 
fact separate ossicles In addition congenital 
vanations m development tend to be symmetrical 
Fio ‘>86— iractu e of and some assistance may be obtained from a radio 
two^ jears rat gram of the Opposite WTlSt 

a're irdefi’neUyst c arJIt I" suspected mjurj to tl c scaphoid an 

beneath the faeture ] nc oblique View of the WTist must be secpred The 

There is ai o some ei postero anterior and lateral films are not sufficient 

lence of scleros 3 of the centring over the dorsum of the scaphoid wth 

p°ox noWra^enf ” radial border of the palm raised the bone is not 
foreshortened and even fine cracks will he visible 
Two types oi fracture of the eetntlunar nte descnbed fracture of one of the 
ingles of the bone and a crush fracture Fracture of a small particle at tie 
postenor angle is comparatnely common This may occur alone or be a»so 
ciated with dislocation of the Ixine The crush fracture is a very rare mjurt 
and niai easily be confused w ith a post traumatic necrosis ( htenbocl s diiw«) 
Fractures of the remamder of the carpal bones are without particular 
features Probably the most common 
IS an avulsion fracture of the dorsum of 
the cuneiform The particle detached 
IS small and can be seen only m the 
lateral anew 

Dislocation of the Wrist — Com 
plete transverse dislocations may occur 
througii the radio carpal the mid 
carpal or the carpo metacarpal joints 
but all these types are rare In the 
more common injuries the semilunar 
plavs an essential part "Many of these 
dislocations are accompanied by frac 

tures Fio ‘>87 — Th© late result of a fractured 

Tlie most frequent miury is a dorsal f^apho d w th non un on and a 
7 1 , ,.7 * , *em lunar The semdunar and proim 

dislocation of the carpus on the semilunar s^apho l sho«v-^ 

and radius The subsequent behaviour Utturljed nutr t on 

C 
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t f the <leiH.iKU upon the state of the 

(hir'jil niifl %ol»r hj^aincrug If thee rcpmtri 
uitsrt tljc wjinihunr mnmtHins its noniia) 
relation^hjp to the nuiuis Tlic dorul ligaim iit 
i*. frcqu».ni!\ tom (ti^ 28S) amt the MjmihinnT 
1- then fre< to mtatc forwanU and rotate on its 
own axts If the Kimhinar rotates lietoml 
'>t) decrees the os jnngnmn Lceomes oj»j»<>so<l to 
the nidnl artuuhr surface The Ikmu injuries 
uluch mat ac^o^\Jw«^ tins displ leeinent are 
frictuns fif tilt ^emtltmar sttloid proces.-es of 
tht nuhus and uhia or fnictiire of tlie senphowt 

THE FEMUR 



Fractures of the Femoral ^eck an cskmmott *■«« i*** t’ t ■^icinn of tJp 
III females and m <iW n^t Tlit-evifiiiK eaitst jsoett 

» iiMi\ lx> an 



appirentji tnviaJ injurt andlheimitnl 
mat not l>e rufirreil to tlio mduilojiisl 
at once It I' neet ®-*art thereftre to Ik 
all< to dwtJnprrdi lictuetn an old and 
a recent mjitri and to l>cnr in mind that 
puhoto^icnl fmeiurts occur at this kite 
IJn laiksnlt of the pint htrs nn 
ohliqiK nttarhnicitt to the ncel and the 
ilassjcai j.ro»pin^ of inin and t\tra«ip 
sular frartiiris is unsmtnhli ni mdio 
loptat ilit^rno is Ihtse fmcturcH ma\ 
Ik* dt'scrjlx'd as — (I) suhe ptlal (2) lutd 
tcnieal ( t) fmctiirt of the hjiee of thi 
neck and (4)inJirtn)chiinlene 

riurt are tun tiqns of Milicapual 
fmeture flic most common mjiirv ts 
the adduction fmttint the thnmctcristic 
fintutcHof Mhich urc coxa mra ah enot 
of unpaition rotation of tlic Iicad so 


tint jkirt apjiears IkIow the ncttvbulum 
ti _s I — iro iosmm<f H fldlut n <mtwa«l rotation of tht Ic- luth mcrciistd 

tract jrt taken I> jv rtnllc j j amt i - , , , 

x>r ft ti I vrt on fftt inticr^ci prominence of thc Icssi r troch iiitcr for 
Tiu !>■ toll npisfirs coni«rauv«K icard aiigulation m the lateral \ieu 


poo>] 1 t tl Jatrrnl fJ n a) owisl tJal 
tl rr vin. 4 1 urkol f rwanl ni (tul to n t 
wn nn waa 1 vl Tl riv « s lo 
itnpact on 


(lig 28 a) 

Jlio aWnctnm fmttnrc is c-ornpira 
tiseU^rnK ilie indio!or.icrtl fnlures 
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are coxa valga impaction head rotated so that part appears lejond tie 
lateral margin of the acetahulura muard rotation of the leg with decreased 
prominence of the lesser trochanter The fracture line may be difficult to 
detect Bony union always tal eg place 

In midcemcal fractures the lesion may be with or without displacement 
and is rarely impacted Union usually results m a varus deformitj Ii 
fractures in this region union apjears to be more probable the nearer tie 

fracture approaches the 
trochanters 

Fractures of the base of 
the neck are usually im 
pacted tl e upper fragraei t 
bemg driven for some d s 
tance into the shaft Tl e 
impaction is greater at tl e 
inner maigm and so tie 
position IS one of varus 
TJie normal angle of tie 
neck 18 approxunatelj P) 
degrees 

In iniertroc? anieric free 
iures the fracture line is 
oblique corresponding more 
or Jess closely with ti e 
anterior oblique or inter 
trochanteric Ime The frac 
turc Ime may be more hon 
zontal tl e major part of ti e 
Fo ‘’90 An ntertroebanter c fracture greater troci anter remain 

ing attached to the proximal 
fragment The lesser trochanter is frequently detached in tl ese injur es ai d 



displaced upwards by the ilio psoas muscle (Fig 290) 

Union of a fractured neck may be bony or fibrous and delayed or absent 
Intertroclianteric fractures always unite by bone Above tins region it mav 
be difficult to determine from the film if satisfactory wmon has been attaint I 
and fibrous union cannot be detected In most patients little oi no callus 
forms In others it is possible to tell that union has not and wall not take 
place In these indiv duals some bluning of the structure of cancellous bone 
IS visible at the margins of the fracture followed by a rapid absorption of tl e 


bone Almost the whole of the neck may be absorbed (Fig 291) 

The Shaft of the Femur — ^The radiological diagnosis of fractures of tl e 
femoral shaft as of otl er long bones does not usually present any jiartico ar 
difficulty The greatest use of N. rajs lies in the assessment of the position o 
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the injury, the ninouut of wnnminu- 
tion, tiic result of reduction or 
traction, and finally the dcjrree of 
union A common radiological 
fallacy is the confusion of oblique 
njth spiral frartun*s. This i> more 
likely to occur ^\hen one fragment 
IS rotated. 

Apart from the direct infincnce of 
the trauma, there are certain eharac- 
tenstic deformities associated with 
the level of the lesion. In the 
upper thirtl, the proMinnl fnigment 
13 flexed hy t he iho-psoas and rotntorl 
outvsacd* i^ud «.bdactcd hy the 
muscles inserted into the greater 
trochanter , the loucr fragment is 
(hspheed upuTirds and incHltally. 
In the lower thml, the gasttocnomius 



Fic ear — a comminuted aikI impacted 
“ T ” “linpeil fracture of the fractun'of 

the upper end of the iihuli} ‘Dio {xMtion )ia» 
f)oen partially correctisf. ami (he rncfiognim 
was taken through the phv.-,t<*r. 



f«c 491. — Old fmitiirc. wUh non imiou atul 
ab-orption of iho nwk. 'flio h«wl has itmlcr. 
gOfW some 9ctt'ro«K front dcfiHinve hlootl •tipplj. 

muscle tilts the lower fnigment 
Iwtkwanls, and the upper fragment 
tends to approach the bilpmp.itellap 
extension of the joint o^ may lie 
adducted. 

Distocalion of the Hip Joint.— 
Tho hip may lie dislocated hack* 
wards or forwnrth : 

Posterior: Sciatic, iliae. 

Aiibnor: Obturator, jmbic. 

The ilvae and sciatic duiloc.ations 
nr<b most common. 

Some difficulty may In? experi* 
enced in distinguishing lictwccn the 
radiological npjicarances of trau- 
matic, pathological, and congenital 
dislocations * The pathological dis- 
location may In? detected by the 
liw*tor>' and the presence of irregu- 
larity of the l)ono due to the disease 
process. In tiie very early stage, 

* Congenial dwlocation of the hip joint 
i>» further consufered m tlic i»M.lion on 
ron^nilAl lleforinilje- of Kone* and JoinU, 
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before ilestruction ls visible the histor} 
alone is sufficient 

The earl} congenital dislocation is 
a«sociated u ith 

(1) Petarded epiphjseal develop 
ment 

(2) A sloping roof of the aeeta 
bulum 

(3) Delay in bon} union of tl e 
pubis and ischmm with a uider gap 
on the affected side 

In the later stages some aplasia of 
the limb is evident and a neoarthrosis 
forms above the old acetabulum uhich 
tends to be obliterated The inlet of 
the pelvis is more rounded on the 
affected side The femoral bead i 
aluays deformed 

THE KNEE JOINT REGION 

The Lower End of the Femur and Head of the Tibia — There is a certain 
sjmilant j in the radiological appearance of cond} lar fracture? n hetlier of femur 
or tibia In either case tl ere may be 

(1) An oblique or conimmuted fracture of a single cond}le or part of 
a eondjle 

(2) 4 T or Y shaped 
fracture •cnth some separation of the 
fragments b} the end of the shaft 
{Fig 292) 

One of the commonest injuries 
IS a fracture of the external condyle 
of the tibia part of the articular 
fturface being depressed below the 
lemainder (Fig 293) The head of 
the fibula is often fractured m this 
type of injury 

Fracture of the internal condjJar 
surface is comparative!} rare In 
eitl er mjur} a a algus or varus 
defomiit} IS usuall} present 

Fracture of the mtercondvloid 
eminence is of some radiological im 
portance as it ma} be overlool ed 
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The fracture is ciused bv stnm on the eracwte ligimeiits The interior 
cnicnte Iigimeiit which is ii'JiiaHy mvohed is iu‘;erted mto the mterinl 
spine and antenor part of the mtercond 5 loid fossa Elevation of this fra^. 
ment therefore fractures the mtenlalspme 
and leaves a saucer shajied depression on 
the anterior part of the tihnl surface m the 
lateral view (1 ig 204) 

Fractures of the Patella — ^These ace 
produced bj mdirect and direct aaolence 
Tlie most conimon mjurj is a transverse 
crack resulting from the contraction of 
the quadriceps over a flexed knee A 
more severe strain tears across tlie soft 
ti siie^. and produces a vnnmg degree of 
displacement and rotation of the fragments 
A direct blow on the patella tend** to produce flisured «telhte or com 
minuted fractures usual!) without much displacement 

It is ncce«sar> to be able to recognise a patella tint In*! developed from tw o 
or more centres which have not fu ed Thismav )>odoncb) notmgtheeinooth 
den«c edges of the parts and b\ the tendency to sMUOielrv of congenital 
abnormalities It should be noteil tint fnclure of the jntella is pncticalh 
never found in children or adolescents 

Tlic frictnre ma\ Ix* mi ed if aufhcient pene 
trition IS not u'^d to show the patella in tht 
otthnar> films and m some cases oblique vaews 
«m be useful (Fig 20 j) 

Fracture of Upper Part of the Fibula — ^Tin 
ma\ be found as a fcmgle lesion it nnv al o lx 
a«»ocutcd with fracture of a tibial condxle or 
fracture of the lower third of this bone The 
ouK precaution which should he taken in dng 
iiosis IS to use a film of sufficient length to 
cover tbs part of the shaft especnlh m di 
placed fractures of the lower part of the tibia 
Dislocation of the Knee Joint — The joint 
mas bedidocatedforwartb backwards latcrallv 
or mcdialH Tlie nd oIogi->t seldom 'soea the e 
conditions 

It 15 important to ^ecOgnl^e minor displace 
ments due to niptnre of the cmente and 
ciUatervi hgiwents b\ tlie abnormal width of the joint space on one side 
Lateral tUshcaUon of (It patella is prone to occur m patients with enn 
valgum The patelli mav al o rotate about its long axis to the extent of 




Fir ‘*Jj— Xn A’t al iipv of the 
patella The n er mart n opptatR to 
lair b«n fm-t trvcl but tl i lue 
t a CO e>-n tnl abnormal t\ 
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r 9 The a) duct on friiclurc The 
a tngalua } as been subluxate ) w th tearing 
oftha interodMoas 1 gamenCs Bod margins 
of tho tbsl artcilar surface hare been 
fra ture I 

foot this IS usualU brought about bj 
internal rotation of the trunk tlie foot 
being fixed on the ground In its 
simplest form it results m an obhque 
fracture of the fibula the fracture line 
running upwards and backwards In 
1 more severe injury the astragalus 
IS dislocated outwards backwards and 
upwards the fibula and jiosterior 
surface of the tib a are fractured and 
the internal malleolus arulsed 

In the abduction fractures the fibula 
breai s traTis\ersel\ about tiie le\el of 
the ankle joint or the fracture ma\ be 
considerably higher The tibio fibular 
joint may be widened and the mtemal 
malleolus may also be fractured trans 


00 degrees or 180 degrees Upward or 
downward dLsloeation may follow rup 
ture of the patellar ligament or tendon 
of the quadriceps muscle 

THE ANKLE AND FOOT 

Fracture dislocations of the Ankle 
Joint — ^Fracture of the fibula m tie 
lower third may occur alone or be 
associated with an extensi\e injury to 
the ankle joint 

Fractures m this region often 
termed loosely as Pott s fracture may 
be classified as 

(1) Rotation fractures 

(2) Abduction fractures 

(3) Adduction fractures 

(4) Fractures mth postenor di«lo 
cation 

(o) Fractures with anterior dislo 
cation 

T/e Tolalion fractures are produced 
by forcible external rotation of the 



Fi 9S The ad luct on fracture TV 

^ert cal d rect on of the fracture line in t to 

tba charactente The t p of tto fibula 

ha al-«i been fracture*! 
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\er«el> some Htcnl djsjiHce 
mcnt of the nstrngalus (Figs 2% 
and S97) 

In the adduction fractures t)ie 
direction of the npphed force is 
reversed The fibuli iismU\ breaks 
at the tip or at the leiel of the 
joint and the fracture line m the 
internal ninlleoUis is nearij aertical 
(Fig 29S) 

A ixitient nho is knocked dorni 
h\ a blow on the side maj therefore 
receue an adduction fracture of one 
ankle and on abdurtion fracture of 



the other Fio oa — a rwrnt emsh fmclutv wjth a 

The pobierior fracture dislocation Kiaetton m the ioUtosuv joint imeJo. 
is not common and the anterior 

fracture-dislocation is aerj rare In each case the adragalus is displaced and 
a triangular fragment of the tibia ls detached anth a vertical fracture ime 
The Astragalus — The head neck bodj, and ^>o^te^lo^ procc*« may he 
iinohed Dislocation is a common accompaniment of tlie major injuries 
Fracture of the posterior processs may present some dilRcultj as there 
IS a e]o«e resemblance to the normal os tngonum The diagnosis maa be 



Fin 3 ill — TI ft J lie n-- Jl of « frac-t m ttf 
tio os Thft con { tion hal 1 h<t» 

proftcnl t o imj n hftlf sr»r« and waa I 
JatrmJ (Ti o jvjli nl Jia ] Ir to cotnin 1 
e I c do h\ lunij ing from o I gt » ) 

\n Rttempl t proil ico a sul & tragnlo t 
nrthroil »* •» J failcti 


aided bv comparison inlh tjie opjiosite 
side and b> tiie jiresence of the fresh 
fracture surfaces 

Os Cains — ^Tlie recognition of a 
fracture of the oscalcis la most impor 
tant Clinically the condition inaN 
easily lie confused with a sprain or a 
nioUeolar fracture The diagnosis ma\ 
be difficidt m films of good quality and 
im|>o«sible in jxior films The ev 
animation shoufd always be made in 
tuo planes 

Several rare tjqies of injura lia^e 
been de^’cribed such as fracture of the 
sustentaculum tab jieroncal tubercle 
nmKion fracture of the tubero9«\, or 
fracture of the upper and medial parts 
oftlic tuliero&itj 

Tlic cru©h fracture is the most 
common injura (Fig 299) There maj 
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be no displacement, and the fracture line may only be recognised Ijy a filigbi 
altercation in the appearance of the cancellous bone or by the presence of n 
fine crack m the cortex BohlerhAS described a method by which the amount 
of deformity may be gauged Two lines are drawn along tlie upper surfaces, 
of the bone, from the .anterior and posterior angles to the highest point on the 
bone these usually meet at an angle of 140 degrees to ICO degrees, the 
complementary .angle is 20 degrees to 40 degrees, and is called the tuberositj- 
joint .angle Any fracture with impaction reduces this angle (Fig 300) 

Displacement may involve the posterior part or the whole of the articulai 
surface with the astragalus A crushing injury of the antenor jiart of the 
bone similarly disorganises the cajcaneo cuboid joint, or the midtarsal joint 
may be subluxated 

The Scaphoid. — Two tyjies of fracture occur, a crush fracture of the bod) 
and an avulsion fracture of the tubercle In the former the low er part of tlie 
bone IS crushed and the upper p<art displaced upwards The astragalo 
scaphoid ossicle and the os tibiale externum should not be mistaken for fiac 
tures 


The Metatarsals.— Fractures of the metatarsals may be due to direct or 
indirect injury The former are frequently multiple 

Fracture of the proximal end of the shaft is easily overlook ed, if the part is 
not eiM^mmed carefully 

Indirect injury is responsible for a fracture of tlie base of the fifth metatarsal 
(the Robert Jones fracture), and the march fracture The epl|)h)sis for the 
tuberosity of the fifth metatarsal should not be mistaken for the former 
The march fracture has been described m the second, third, and fourth 
metatarsals, but only the second metatarsal is commonly mvohed The 
predis]K)sing condition is prolonged strain (eg of marchmg)m the presence of a 
defcctiie bony architecture The structural faults have been descnlicd as 
(1) a short first metatarsal, (2) sesainoids of the great toe placed more 
proximally than usual, and (3) hyperniobdity of the joint between the fir'-t 
and second cuneiforms (Morton) 

Any of these factors tends to throw excessive weight on tlie second nicta 


tarsal, resulting in a spontaneous fracture The fracture line is difficult or imjios 
sible to detect, and attention is frequently directed to the condition b) the 
presence of peiiostitis or callus The callus is often excessive, due to hek 


of treatment The condition has been mistaken for an osteogenic sarcoma 


THE PELVIS 

Pelvic fractures are frequently multiple and a certain amount of care i^ 
necessary m diagnosis, otherwise one of the lesions w ill be missed 

A double fracture into the obturator foramen is common, the upper fracture 
IS sometimes oblique and more difficult to detect than tlie low er Fractures m 
this region may also be associated with sejiaration of the s)mph)»H pubis, or 
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di‘»loeatjon of the sacro iliac joint ami fracture of the posterior pelvic nail on 
tJie same side [ifaJgaigne's fracture). 

Fractures of the iliac crest are frequently cpmmmuted. The rim of the 
acctahulum is rarely mvohcd in a dislocation of tlie hip. The osacelahuli ami 
strip cpiphj^is for the margin of the acctabnlnm should not be mistaken for 
fractures. The floor of the acetabulum is sometimes fractured, and the head 
<if the femur may be driven into tlie pelvis (centra! dislocation) 

THE RIBS 

Tiie unpres'ion is con\eied >n many text -books of surgcrj'and orthopiedic 
''Urgery that the radiological diagnosis of 'fractured ribs is unreliable. TJiis 
'•tateinent is true, if the diagnosis l« attempted on a single film of tlie che*>t. 
In addition to the iiostero-anterlor film, it is es.«ential to have tuo oblique 
iieu.'j, otherwise the cun'aturc pf the rib uiJl obscure the fracture line by 
the puperimpo-nition of intact bone. Fractures bclou the diaphragm uill also 
lie missed if sufficient jicnctration is not used. 

The fracture line is oblique or trans\cr«e and heals by l»uy union , uldo 
reparation or displacement is uncommon Confusing shndouu are pivKhiccd 
h} overlapping Iwne and by the thoracic contents. The latter shadow s u ill be 
found to continue lieyond tlie rib substance into the intercostal spaecis. 

THE SPINE 

Plain nntero-iwsterior and lateral films are usually sufficient to demon- 
strate the extent of a fracture, but certain regions may present some difficulty. 
In the cervical spine, the bodies and 
their api>cndagcs are closely p.'ickcd, awl 
stereoscopic films may give nddgional 
information, osjiccmlly uhen the area 
13 obscured by a dislocation (Fig. 301). 

In fractures of the upjicr cervical “pine, 
an antero-ixistcnor view should lie 
taken through the ojien mouth. In 
broad and muscular individual, the 
loutT hirnUir and niqier four dorsal 
vertebrip are difficult to show ralisfac- 
torily in the lateral view, and oblique 
films of the latter may be helpful. . 

fracture may involve the spmoas 
or tmn^ve^sc process, the l^ma. 
pidiclc. facet, or Ixuly of the vertebra 
Tlie cause may Ixi direct and indirect 
trauma or mtu-cular action. - 



Fjo 31)1. — Di.-)iw«tK>ri tit tin' f-ervjoa} 
«ipiw. Stfre^xoiiio filnw sIiowchI & frae- 
lUH! of the intorvTrti'tinil far»-f 


\mn — 
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The most common site, of tnjtary is from the ti\elftb dorsal to third lumbar 
\ ertebr® inclusive The spine the first to tenth dorsal ^ ertebrai is le"!.-, 
mobile and Je«3 liable to injury than the regions above or below In a senes 
of patients ■which Ins been collected in the Toronto General Hospital from 
1907 to 1926 there were 34 cervical 10 dorsal and 88 dorso lumbar 
fractures In this series the last two doreal vertebrae were included m the 
lumbar region 

The proportion of patients with cord involvement is highest in fractures of 
the dorsal region and the number with multiple fractures is also rektivelv 
liigher in this region 

Fractures of the Lammae are very rare They are due to direct \iolence 
and mav occur in aiiv region llie> are frequently associated with cord 
injuries and careful inspection i& necessary for their detection 



Fic 30 A recent erwh 
fracture 


Fro 303 The same pat ent as 
Fig 30’threemonthfllater Alernaton 
into the fractured body s now \ s tie 


Fractures of the Spinous and Transverse Processes due to direct injury are 
uncommon m the dorsal legion as fheyr are protected by the ribs and the 
spinous processes do not project to any extent The spmes of the seventh 
cervical and first dorsal vertebra? are relatively promment and are not infre 
quentJy fractured often by moscvlar effort Eractures of the transver«e 
processes in the lumbar region are not uncommon and are frequently multiple 
with VI ide separation of the fragments The third and fourth vertebra are 
usually mvolv ed 

Fractures of the Body — Most vertebral fractures are due to the indirect 
trauma of crushmg injuries with hyperflexion of the spine The amount o 
deformity is proportional to the seventy of the injury and m some patient* 
only the slightest wedgmg of the vertelwal body may be visible 

One vertebra only is usually mvolved "Multiple fractures do not necessan ' 
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imoUe neighlxiurmg bodies ami there ma> bescxcral mt \ct %crtebrie lictueen 
two le'siom 

TJie it[ipor m of tlie bodj ««; nsual)} depressed to u greater extent than 
the lower’ (I igs J02 and 101) ami occasionalh a worlge shaiiorl fragment js 
detaehed from tlio nntero superior Ijordcr Tins fragment maj resemble tlio 
ring cpip}j\<5i> in the latcrnl mow and jt nia> bo most dinicnlt to distuiguisb 
between a recent fracture and an uminited opiph}8i'> 

^wonld lie expectcil in a crushing mj«r\ the defornuts in outline is the 
mo'Jt imnnincnt feature anti fracture 
hues arc oh'<curod Sometimes a 
break is apparent in the contour of 
one of the margins (lig 104) or im 
paction with o\crhp lan bo de 
tected on the anterior snrfttc of the 
l)od\ In other patients the bodv is 
redmerl in •stature esjietulls at the 
anterior boMcr with an men isc m 
concaa lla of thii surface and a com 
jiensaton mereaso in width of the 
whole l>od\ Ihe i>ostcnor <nirfiee 
of the bod\ dentes considenbtc sup 
j)ort from the intcr\crtehral joints 
and IS less comnionlj involved 
Addttfonal Teattires whirh maj l»e 
noted on a film are minor degrees 
of fmbluxation of a liodj disloca 
tion or fiwrtnrc of the intervortebnl 
fleets projection of jnrt of tlie liodv into the neural canal narrowang of 
inters ertehral foramina 

In nioderote-li severe mjuncs the disc eiwcc w pre«!cr%cd or ma\ appear 
w ider than normal m its anterior part In severe injuries home of the nucleus 
pulposus mas bo driven into the bodv of tho vertebra with bome narrowing of 
the disc due to the /oss orsuh&tancc Xn films of good quahty the&o herniations 
m\j be visible eapeciallj after the lapse of <ioine months 

As a late result a fracture mn\ terminate m n wedged defonmtj of the 
liody without nnj further evidence ns to the cause of the c-ondition The 
fracture lines are mi isible and the oiitlino of the botlj la unbroken The more 
Hjvere injuries usually cause a wedged vertebra and nltjinntclv gross localised 
osteoarthtitit changes at the site (big 305) 

Aw edged defornutj ofoneormrclj of two bodies ma> Ik* discovered months 
after an accident which did not appear to have caused a fracture at tho time 

• Seo el-kj I ol HI Part HI Se«t o “ 



fifl 304 — Imctupp of tl e ()t>dv of luniliar I 
<1 r to II ok) I ^ oce lo it 
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It lias become a common custom to refer to this condition as KummelU 
disease {q i ) 

Fracture of the Atlas is atypicM m appearance because of the difTereiice iii 
Its architecture Tlie lesions may mvolve cither an arcli or the lateral mass 
and there may be more than one fracture Fracture of the posterior arch is most 
common Fracture of the arches 



Fit S j — The late rfsult of a f aoture h 
occu red fourfee years prc\ ouUy 


appears to be due to the tensile force 
exerted bj the lateral masses which 
tend to separate owmg to the obli 
quit;y of their articular surfaces 

The most common complications 
of fracture of tlie atlas are fracture 
of the odontoid process and disloca 
tion with rotation 

Differential Diagnosis — The 
radiologist must frequentlj differ 
entjate between fracture tubercn 
losis and secondary neoplasm m 
the spine 

The typical features of tubtrciil^is 
are early loss of the disc spaco and 
erosion of some part of the bodv 
The early formation of pus visible 
m the form of a para\ ertebral sliadou 
or iho psoas abscess nia\ be a useful 


due 

In neoplasm the disc space is usually preserved but there are marled 
changes in the bodj The common deposits cause intense local destruction and 
rarefaction the cancellous structure is destroyed with collapse of the body or 
the body tends to disappear Tlie lesions are often multiple 

Among the less common conditions which may have to be distmgiushed 
rom fracture is the malacta produced by osteoi^iorosis from any cau e It is 
probably most common in senility Some of the bodies may be porous to 
such an extent that they collapse or the turgor of the discs mdents them so 
that they resemble tlie v ertebrao of a fish A fracture may be superimposed on 
this condition The solitary dense lertebra is usually due to osteoplastic 
secondaries Paget s disease Hodgkin s disease or disturbance of nutrition 
t is unlikely that the condition will be confused with fracture 


KLFFRLVCES 
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LATE SEQUFLE OF TRAtJMA OF BOXES AXT) JOINTS 
SLIPPED EPIPHYSIS OR ADOLESCENT COXA VARA 
Is Tins condition a ^a^old deformity de\eloi >9 it (he Inp joint due to 
clipping of the capital epiplij-gis of the femur The onset occurs m adolesct-iice 
Incidence — '\Ialeq arc affectwl more frequently than females m the ratio 
of J 1 It lias been described ui pstients between the ages of n nnd 10 sears 
The aserage age at the onset m females ta approximateh two xem le&s than 
tint m males Tlie left hip is affected more often than the right m ipproxi 
matelj loi>ercent of pstients the condition la bilTtenl 

vflEtiology — ^Man> theories Jm\e been esohed to expJam tins condition 
In adolescence the epiphx«eal Ime assumes a more vertical position and is 
probablj the locui minorts rest<<l6nU<t {Key) 

TirnTKAiru^Tic THBont — ^In all the larger scries of ciwswhich liaxebeen 
reported this factor his been mentioned in some of the pitients In n number 
the condition has been found immediately after trauma nltliough tl is is often 
not severe In others it lies been supposed that the epiphjsis moves under 
the mfluenee of continual slight tnumati none of winch is sufficient to draw 
attention to the joint at the time 

The St vne Theout (ffo/mcistcr) — ^TIiis assumes a disproportion between 
the vreight of the individual and the “trength of the neel m the lupidU 
growing patient The protagonists of this llieorj do not admit the presence 
\ f aiw pathological change in the cartilage or bone 

rnETiiFOBi 01 A^soctATCD Disea^ib — A t various times tapecially m the 
tarly literature patients hare been reported in whom the authoiu have 
considered that the process was initiated by some disease Among 
conditions are 

Obesitj due to endocrine dysfunction {htrmisfion VteuUet Ridlon 
Hass Hiedel )) ilson ^^^}hs llonffp) Maiiv patients are of thK 

tjpe 

Rickets {Fiorant JluVer Keelley llatdle Bloch Frdsch Brailsford) 
Localised osteomalacia {hocler) 

\rthnti^ deformans (JfoTrlsand CTarpentier Mayll) 

Some disease of cartilage of imknowu origin {Sclacttrt ) 

An mfectioit h} low grade organisms (Froehch FerffU'^jti and Ilmcorth) 

A localised disturbance of blood-supplj 
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Thmnmg of the x>eriosteiJra of the neck a<wociated npid growth 
(Ary Bailgley) ' 

Pathology — In 1926 there \\ere leports m the hter-itore of twentx four 
patients {Kerj) m whom exploration had been performed with an examina 
tion of the sjiecimen Since this time other reports ha\e ajijieared but the 
patliologj of the condition is still ohsenre 

In the early stage there is a slight widening of the epiphyseal Imo with 
irregularity of the arrangement of cartilage cells and increased ^•aacuhnty 
The epiphy ^eil Ime becomes irregular inth inrasion by spongy bone Some 
extraa asation of blood occurs and the head is united to the neck bv soft 
callus and fibrous tissue 

No uniform disease process has lieen reported m these sections 
Radiographic Appearances — The uiitial stage is indicated by a shght broad 
enmg of the epiphyseal hne 'Hus has been described as a 'preshppmg* 
phenomenon hut it is possdile that the epiphysis has commenced to move 
bv tlie t line this is ei ident on the film The juxta-epiphyseal bone of the head 
remains intact and clearly defined , whereas the bone on the opposife side of 
the epiphytal line is altered m structure the sharp margin of the neck is lost, 
and cancellous netu ork of the extremity of the neck is poorly defined Tn the 
early stage of slipping one of the most reliable signs is an alteration m the 
contour of the outer nnrgm of tlie liead and neck comparison being made with 
the opposite side (Fig 306) m the affected hip the upper part of this curve 
becomes flatter As slipping increases the changes in the proximal end of 
the neck become more marked The head moves baefew arils and downwards 
with internal rotation with the result that a varying part of the lower half 
lies outside the acetabulum and is visible below the neck (Figs 307 and 308) 
The neck is therefore tlirust forwards or may appear to bo partly embedded 
m the head m a jiosition of external rotation Repair is effected by the 
formation of new liono which unites the head to the shaft m a position of 
\arus (Fig 309) The epiphybcal hne is obbterated earlier m the deformed 
hip In the final stage Aoc/iers three postulates may be fulfilled Tlie-se 
are lengthening of the outer border forward bowing and torsion of the neot 
When union lias taken place the outer and upper extremity of t}ie neck 
frcqueiitla remains as a prominent boss of bone Secondary effects of the 
deformity which mav appear at a later date are modifications of the shape 
of the oeetabuhim isclnum a inis and osteoarthritic changes 

Differential Diagnosis — Clinically thit> condition is frequently mistaken for 
fiiiercidosis but after a radiogram is taken no difficulty should arise as the 
osteoporosis and erosions of tnberculosts do not resemble coxa loira 

In congenital or inf intile coxa vara the ago of the intient when brought for 
treatment is usually xounger with a luatory of defective gait Since walLinf^ 
The condition ma\ bo bdatenl with a charactwstic vertical break in the 
neck which may enclose an mverted V sjnped fmgmcnt of bone The 



39*’ 


THE BONES AND JOINTS AND SOFT TISSUES 


greater trochinter is ele\'»ted and beaked There are frequently other 
congenital abnormalities 

In raclnlic coxa lara the changes m the epiphjseal line are Msible «itl 
other rachitic lesions in hones 

In osteochondritis of the hip the patient is usually under 10 years of age 
The head remauis m position but shows the increased density and islands of 
sclerosis and rarefaction associated with osteochondritis m anj situation 


THE PELLEGRINI STIEDA LESION 

This abnormality develops one or tuo months after a knee straui or a 
direct blov on the internal epicondyle of the femur It consists of a deposit 
of lieterotopic bone ivhich develops in the soft tissue in 
the region of this epicondyle and the adductor tubercle 
After a prolonged period of rest the deposit tends to 
become smaller and more dense or small deposits maj 
be entirely absorbed (Fig 310) 

Stieda believed that the lesion uas a chip fracture 
Cases have been seen m vluch there nas both a chip 
fracture and this deposit of hone The etiologi of 
the condition appears to he 
the same as that of myositis 
ossificans {q x ) Tlie condition 
has been oj erated uj on by 
Aifottsti Finder and Rxehel 
Riehtl and Riebel and Coltart 
jthe deposit always recurred 
after operation At ojieration 
the flake of bone was found to be 
covered with fibrous tissue and 
attached to the tihial collateral 
ligament If the deposit was 
large the upper part extended 
awbetwr to the tewloo. oC the 
adductor magnus or infiltrated 
the tendon of the adductor 
magnus and vastus mediahs 
[hnlcniski) 

A similar flake of bone 

which bears a striking resemUanee to this lesion may be found after an 
injury on the curved surface of the posterior aspect of the lower end of fbe 
tibia (Fig 311) 




tie. 31 A com 
paral elj small area 
of cale ficat on wh cl 
folio e<l a fooll all 
injury 


Fic 311— A hetprotppe 
depo t of bone d co efcc> 
four months after a bio* on 
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kOmmell»s disease 


In 1891 Aumme/f cle-'Ctibed a condition of post tnnmatic nrefjmg osteitis 
of a \ertebra ^\lllch after a latent period gave rise to symptoms of vertebral 
colbip'se Tlie diagnosis based on clinical evidence 

0\'er tuo lumdred articles have apfieared m the literature since flits time, 
and the mterpietition of Kummell s dise ise ’ }ins ^Tined considerahh The 
iieces.?ari desiderata appear to be 

(1) An mjur\ to the spine often not severe 

(2) A latent period of montlis or e\en jears 

(3) Ob]ectl^e s%'mptoins of colhpse with i local k^pho8ls most frequently 
in the dors'll region with subjective symptoms of local pam girdle jiam or 
cold involvement 

To these should lie added the radiological endence of 

(4) Rarefaction 

(o) Absence of deformity immediateH after the accident 

(D) Pre'>enco ol deformity at a later date 

Crhiecr and Rigkr Inie found the condition in more than one lertehra 

KinnmeU believed that the bono Mas injured but not fractured ami 
Ludloff described the post mortem findings of multiple small bfcniitomata m n 
icrtebral body after injury Ktnff has obsen^ also at post mortem 
exce sue a'astulanty of the body iibich lie believed accounted for the nro 
faction during the latent jienod 

The radiological appearance^, are those of a 
simple Medged deformity often with some increase 
m the disc space The demonstration of rarefac 
tioii m those articles uluch show pnnts before and 
ifter the iiijura is not impressive 

The probable exiilanatJon is that the condition 
is due to an iinrecogiuseil fracture This theora 
vpjiears more hi eft Mhen comparison is made 
Mith the Ob calcis This bone resembles a vertebra 
in stnieture and is subject to crushing injuries 
vet fractures mIiicIi are not nccomjianjed by im 
jKietion may be most difficult to detect m spite 
of its suiwrficial situation and the fine detoil mIucIi 
can be rcjiroduced on a radiogram 



POST-TRAUMATIC CYSTIC LESIONS 
iMnall evsts inav form in bone as the late 
rcbiili of » severe trauma or recurrent mild 
traumat i 

Thev mav bo found as single tvsta in the carpu'* 


Fir 31 — Cj«t c chanpfH 
1 » the liead of tho firet meta 
tar«al probat ly die to re 
current IratiTHiSls as^<oetated 
vr tf\ tt e abnormal promi 
ncnce of the Jjone 
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usuallj m the scaphoid and semilunar , or involving several bones {E^aj) 
especially in compressed air dnll vvorkers [Sratlsford) Other sites ivlmli 
have been mentioned are the trapezmm {Kohler) the os magnum and unci 
form {Buchman) and the ulnar stvloid {King) They are occasionally seen 
on the mner surface of the head of the first metatarsal m hallux valgih 
(Fig 312) and have been reported m other rare sites b^ Duncler and others 
The lesions are characterised clmicallj bj an injur) , a latent penod and 
finallj development of symptoms 
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CHAPTER WVI 


1P\CTLRES OP THE FACIAL BONES 

Prior to the 1914 War fractures of the facial bones were a comparativeh 
unusual occurrence but with the vast mcrea<e m the general u^e of the motor 
ear and espeeiall\ smce the a<l\ent of unbreakable glass thei have become 
mcreasinglj common 

In the da^s when ordinary gla<s was used in windscreens the victim ofa 
motor smash frequently suffered pe\ere cuts and lacerations from the flvin" 
glas but nowadavs he comes ui violent contact with a hard unvieldng sub- 
stance n ith resulting fractures Although fractures affecting the facial bone* 
are not usuall} dangeroon to life the% nia\ cause varMng degrees of dtsabditr 
b^ im ohing the orbit temporo mandibular jouit etc but their mam *eqiiel 
if the extent of the injury is not recognised and treated before union has com 
menced to take place is permanent dtshgurement Tins n]a\ not affect the 
man in tl e street to anj appreciable extent but to a \oung woman it mar 
be a sex ere handicap and to a «crecn star it max be of pc.ramount importance 
If recognised m time the*© deformities can be corrected in such cases by surgical 
means but owing to the swelling of the soft parts a facial bone fracture max 
frequentlx escape notice until it is too late to correct it union having taken 
place It IS therefore of importance to be able to recogni«e this mere <ingh 
common tj-pe of fracture at the outset 

Not mfrequentlx one sees old and united depressed fractures of the 
low er orbital margin producing obvious disfigurement but which have pas-ed 
unrecognised for some time after the mjurj oxxung to the swelling of the 
oft parts 

The most certain method of recognising these fractures is b} \ ra\« but 
unless the \ rax examination is carried out with a full knowledge of the 
anatomx of the parts and the mechanics of this type of fracture the bonr 
mpirx maj exen tl en escape notice In other xxords the radiologist 
take into account the direction of the force visualiae the plane of the po-'-i c 

resultmg fracture and take radiograms so as to viexr it tangeiitialh andwt 

tl e correct degree of N. rax penetration to throw the particular bone or bone* 
concerned into relief „ 

The stercotxqied antero posterior and lateral radiograms of the skull w 
show one little or nothing of this tvpe of mjurj and special views haxe to 
taken with this particular object in view 
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THE NASAL BONES 

The cODUiiOHest of the facial bone fractures, and prob-iblj’ the most dis 
figiinng, are tliose of the nasal Ixines The deformitj ma^ be a severe depres- 
sion of thena«!al cre^rt.producmgtrregulantyofthe profile of the nose (Fig 313). 
On the other band, the lateral nen (Fig. 314) maj show simplj a linear fracture, 



%\ith apparently no displacement, yet the axial vie\% (Fig Sla) may show a 
marked lateral displacement of the frontal process of the maxilla, the nasal 
bone, the septum, or of all three 

It IS obvious, therefore, that, m such ca^^s, vie^vs must be taken in more 
than one plane, and these planes together mththeevposures used, must be such 
us to throw the nasal bones and the frontal processes of the maxiilcc mto reUef. 

An ordinary' Lateral \ leu of the slain, for instance, is useless in such a case, 
.IS the penetration required to pass through the comparatively thick ^'auU 
HouJd eomplctch blacken out the thin nasal bones. A much less degree of 
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penetration and a 
much shorter exposure 
must therefore be 
used and the result 
mg radiogram should 
clearly shou the out 
lines of the soft 
tissues m addition to 
the nasal bones a» 
then it IS possible to 
see the deformitv of 
contour of tl e soft 
tissues in its relation 
to the underlying 
bony injury 

Fio 315 Same cs. o as Fig 314 Th s v cw showg Jaterfll Tlie aMSl MCU IS 

dsplaeementortle nasal bones taken Mlth the cbin 

resting on the film and 

the head thrown back m the occipito mental position tJie tube bemg tilted 
30 degrees towards the feet This causes the central raj to pass axially down 
the nose giving one an end on view It also gives a good new of the lower 
orbital margin 

THE MALAR BONES 

Fractures of the malar bones may or may not accompany fractures of the 
nasal bones depending on whether the injury is caused by a blow from m 
front smashing in the bridge of the nose and expending its force on the malar 
bones or whether the blow is an oblique one directly on to the malar bone 
Aext to fractures of the nasal bones this is the commonest type of facial 
bone injury but fractures actually through the body of the malar bone are 
comparatively rare for the follow mg reason the bone ls roughly star shaped 
with a strong central body and four comparatively weak proce&ses two to the 
maxilla one to unite with the frontal bone and one with the zygoma The 
body IS supported entirely by these processes Therefore when a blow ct 
sufficient force is applied to the body of the malar bone tbe protevsts btwl 
as far as they are able and then they either break or the sy nchrondioses becoiue 
widened The frontal process is strong and unites with the malar proces. o 
the frontal bone by a syaichondrosis supported behind by the outer wall of the 
orbit As a result therefore there is usually no fracture of this proces.? but 
simply a widening of the fronto malai symchondrosis which may be seen m t ^ 
usual oceipito mental view taken to show the malar bones Unless t e 
observer appreciates the significance of this widening of tbe synchondros s it 
and the accompanying damage to the other processes of the malar bone may 
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e'tMU be o\erloolvecl ItfciiouWl)c 
Jx)me m mind tliat no apprecnUe 
widening of this s\'nchond^o«l^ c«n 
tike place without ‘•ome degree of 
rotatu n of the malar lione ami 
coneeqiioiit fneture of one ( r more 
of Us other prooevsc'- Not infre 
quenth thi*' rotation of the horh 
of the malar bone maj be *50 great 
a*- to tilt and hukj the floor of tht 
orbit with jwrnianont damage to 
tlu c\e liie «ivnchondrosi'5 l>c 
tween the malar and JinMllara 
jKirtions <f the lower orbital 
margin practiealli neaer widcJH as 
a re«uh of injurt ns the weakest 
l*oint here is the infra-orhital fora 
men and con'cqucntU a ftnctiirc 
u ualh oecurb through this fwint 
Agim the maxillan process 
f< rnun^ the outer wall of the an 
tnim I's thinned out b\ the de\elopmem of this emus and a fneturt otairs 
ea iK licre In about jO jier cent of «uch ca‘-e-s the rjgomotic process 
tseipcs injura ns there is a certain amount of spring m the 7\gomi to take 

up the shock 

The^c ‘econdars fractures not 
liemg t uiecntittl to the rat^j nrc 
frequentU concealed m the occi 
pito mental Mew either m regard 
tothoirnctual prc^nceormreganl 
to the degree of dcformitj cauMid 
b\ them and often the onlv sign 
one sec*, of mjurt m the occipito 
mcntrl view j this widening of 
the fronto malar sa nchon(lro«is 
and possibh opacUt of the 
antrum due to effusion of lilood 
mto It (Tig 31D) In tins case 
one sees the widened fronto 
nialnri>\*nchrondrosi> but for this 
to iiave widened there nuuf Ime 
been u fneture or fracture^ of the 
other proce'^ses One n[!^o notices 



Fto 31 — Same <«.•« a* ^ ? 316 30 legre^ 
o p t mental % lew Note fn»ct ro of left lower 
ori (at luar^ui facial wait of left antrum an I com 
nute<l left ijgoma 



1ir — Fmeturo of tl motor lone (occ 
pton ntal\ f«l \ tew J anj. flefifrunto 
mal if VI chon lit>Hi.« 
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that the left antrum is opaque and, m addition, there is a fracture of the 
tubercle of the zjgoma, so that the force applied must have been severe 
The degree of severitj', however, cannot be appreciated in thi-s vieu, ami it 
IS onlj by directing the rajs at right angles to the line of force, as in tie 
30 degrees occipito mental view, that one sees that the lower orbital margin 
has been fractured through the foramen and the whole of the malar portion 
displaced bodilj backward into the antrum (Fig 317) In spite of theile 
fomiit) of the bonj parts, however, when this case was X rajed a few da\« 
after the injurj the swelling of the soft parts complete!} concealed the 
depre‘sion Taken earlj such a deformitj can easil} he corrected bv tlie 
Gillies’ operation, but, if not recoj 





nised until imion has commenced to 
take place it is estremeh difficult 
and often impossible, to correct it 


Fractures of the zjgoma ma} l>e 
the result of indirect •violence tliroo,li 
the malai bone, or may be the lesuh of 
direct •violence, in which ca«e it is fre 
quentl} comminuted Tlie best •netv 
to show this 13 the v ertico mental new', 
the rajs beuig centred at right angle* 
to the vertex Fractures of the 
zjgoma are m a large proportion of 


Fu 3i8--Frartuf«-oneft2>gom» cases comminuted (Fig 318) 


THE MANDIBLE 

Fractures close to the sjmplijsis are often concealed ui an antero po4eriof 
view as the shadow of the cervical spine is superimposed They are be^t 
shown bj rotating the jiatient’s head shghtly to one side and directing the ravs 
obliquelj upward on to the film 

Again a fracture of the hotiiontal ramus is best shown bj directing the rav-. 
obliquelj upward so as to throw the uninjured jaw clear of the mjured side 

The temporo mandibular jomt is well seen if the head is placed Jn tl^ 
lateral position with the injured side against the film and the rajs duecteo 
dowuiwards at an angle of 30 degrees, centring on the external auchton meatuii 
nearest the film 
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SECTION V 

INFLAMMArORY DISEASES OP BONES AND JOINTS 


CHAPTER \\\TI 
PERIOSTITIS AND OSTEOilYELITIS 
B\ E Dpff Gray MD PER DM BE 

PERIOSTITIS 

FLA3r3rATiov OF thc penosteum is recognisable radiographically only when new 
hone has been formed and this does not tahe place iintiT aflex on internal of at 
least two or three weeks from the commencement of the inflammatory process 
Obsifjnng periostitis v hen it occwrs as an isolated affection may he caused 
by infection from the blood stream by spread of a neigbboiiruig soft tissue 
inflammation or as the leault of trauma with supemdded infection 

The \ raj appearances are those of a linear opicify eunnng siightlj away 
from the cortex of llic bone and separated from it bj a narrow clear space 
which Alls m later resulting m a miiformly dense structureless area of new 
lione foimation continuous with the imderljmg cortex 

A strongly developed bony ridge at the site of a muscular insertion maj give 
a radiographic appearance very similar to the deposition of periosteal bone and 
this possibility must be home m mind particiihrly when examining films of the 
metacarpals metatarsals and fibula 

Periostitis pHjs an important part m o&teomyelitis of a long bone and its 
lanous appearances in that condition will be considered later It may be 
mentioned here that when there is a diffuse osteomjehtis of one of the bones oj 
the forcrtfTH or feg the fre^rbotfftng ptrahW hone often shows weft marked 
periostitis (Fig 327) 

The possibihtj of periosteal bone formation being due to syi>hilis or typhoid 
should alwajs be considered and so also should the question of early IVmg’s 
sarcoma As regards the latter it should be noted tJiat the appearance of 
successive layers of periosteal new bone (the so called onion peel reaction) js 
sometimes seen in purely mflaramatory lesions 

OSTEOMYELITIS 

Ostcomjehtis as a general term refers to any inflammatory lesion 
mvoUing cancellous bone but when us>ed watliout qualification it is generally 
M in— 2R v-v. 
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taken to mean that form of pyograrc bone mfiammation nhich is secondary to 
a blood infection and this m ill be considered under the heading Acute Hama 
togenous Osteomyelitis 

Less commonlj osteomjelitis occurs as an e^ension from a neigbbourmn 
mfective process as foi example the mvolveraent of phalanges m whitlow‘< 
and the mvolvement of the skull m septic processes of the accessory nas?l 
sinuses or the mastoids 

Osteomyelitis may also be the result of organisms introduced directly from 
n ithout as in the case of infected compoimd fractures and amputation stumps 


Acute Heematogenous Osteomyelitis 

This disease may occur at any age but is most commonly met with in 
children between the ages of 5 and 15 the sex mcidence showmg a well marked 
preponderance of malea The bones most commonly affected ate the tibia 
femur and humerus 

Pathological Features — ^Tbe sequence of events m a tj'pical case is as folloifs 
The infecting organism {usually the staphylococcus aureus) gams entrance 
to the body through the skm throat or alimentary tract and produces a 
general blood infection (which, may be quite transitory and may pass unnoticed) 

Organisms m embolic form are arrested m some part of the osseous circula 
tion This may be m the nutrient artery at its entrance to the bone or m one 
of Its major branches but as a rule the organisms are arrested m the terminal 
branches in the juxta epiphyseal region and hence the most frequent site of the 
bone focus is in the cancellous part of the metaphysis of a long bone close to the 
epiphy«eal cartilage 

Pus IS formed at the original focus in the metaphysis and causes local 
cancellous necrosis The infection is rarely arrested at this stage but tends to 
spread first towards the surface of the bone and later towards the medullary 
ca\ ity When pus has penetrated the cortex a subperiosteal abscess is fonned 
which raises the periosteum over inde areas of bone The elevation of the 
periosteum interferes with the vascular supply of the cortex and this result*! 
m the death of those parts of tlie comj act bone of the shaft which are deprive I 
of their blood supply 

Deeperpartsofthe bone mayhavotheir blood supply cutoffby tlirorabo«b 
in branches of the nutrient artery and it is probable that mflararaatorj exudate 
under tension m the bony canals produces the same result by compressing the 
blood I essels The devasculansed areas of bone die and unless they are 


cxtiemely small have to be remoted later as sequestra 

Spread of infection from the original focus to the medullary cavity and along 
the shaft dejiends on at least three factors (1) direct extension (2) indirect 


extension via the subperiosteal sjiace and (3) spreading thrombosis 

Direct extension undoubtedly plays a considerable part though according 
to Starr a more important route is a backward spread of mfection towards t e 
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medulla from the collection of pus under the periosteum the infection pissing 
thtoxigh the Ha\ersian and Volkmann a canals m the cortex Amongst other 
points IV Inch liercgiids is fai ouring this theory js the chanctenstic ‘ spotty 
in\olvement of the cortical areas as seen radiographicill^ winch suggests that 
the organisms piss through the cortex at vinous places Tl tlensh/ stresses 
the importance of spreading thromhosts in the 
lascular channels as a cause of extension 

Except m fulminant cases reparative processes 
hetomc mimfest at an early stage even while the 
destnicti\c processes are still progressing Ivew 
Ixine js formed under tJie raised penostewin and 
eventuallj encloses the di«eased part of the shaft 
more or completely This subjieriostcal deposit 
called an mvohrcrum is perforated at many jilaocs 
hj openings known as 1101011 tlirough winch dis 
charges track into the soft tissues 

Another reparative process is concerned with the 
removal of the gross necrotic areas m the bone 
Ihese necrotic areas are graduall} separated from 
the still living parts of the bone by tho action of 
granulation tissue and are known as sequestra 
Small ftequestra mi) be extruded through the 
cloacaj but wnnj have to bo removed surgically if 
the> arc confined bj the involucnim 

Liter there is a gradual reconstruction of the 
shaft bv compact endosteal bone Eventiiaflv the 
siibjKTiosteal Iwiit tends to be ab^orlicd the dense 
endosteal Iwnc becomes more porous and the anginal 
archUccUire of the bv ne is restored to a large extent 
Radiological Features — lor at lent tb** firit 
eight to twelve dftjs of tie di ea«!e there arc no tie 319 Acute osioo 
radiological abnormchlics demonstrable m the tn>ci 1 1 of himems One 
ificclcd bone The first visible change js gcnerollj nfier cl n cal ^on«ci 

tlic api>caranoe on the surface of the Ixme of a regular ^ nwros s m si nft aM 
linear opicitv hlcmlmg with the cortex above and Rubporotcai new ix 
Ijolow but ol«tw)iero '^panted from the shaft b^ format n 
\ narrow clear space Tangential views maj be 

netc^varj to demonstrate the carheit stn^ of this pcnostenl reaction At 
»))ont tic same time or even possible earlier a someuhat ill-rlefined 
rounded or oval area of mrefaction maj bo seen in the metiphy'cal region 
The tint visible changes arc seen earlier m childrtn than in adults— some 
iimis »«hjn one netk— bin nw a)> olutelj iwrmni ppitcarance of hone mav 
lie «ecJi during the first thret weeks even m children and during this period tl e 
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disease cannot be excluded by radiological means Within a short time m 
addition to the general hyperiemic rarefaction vhich is soon manifest, irregular 
areas of increased translucency are visible extendmg widely from the origun! 



I'vi 

tibia Extensue necrosis in shaft- 
irregular periosteal bone forming 
mvohicrum 


focus in the inetaphy 
SIS along the shaft 
and also uivadmg the 
cortex Tliese rarefied 
areas are not verj 
sharply defined, and 
they show a tendency 
to coalesce They 
are often elongated 
m the long axis of 
the bone, especially 
in the cortex Be 
tween the rarefied 
areas there are regions 
of normal bone density 
which represent areas 
of bone whose blood 
supply has been cut 
off — consequently 
they do not shaie in 
the general hyperasmic 
osteoporosis end ap 
pear dense by con 
trast Many of these 
areas will later be 
recognised as se 
questra It is some 
times possible to de 
monstrate radio 
graplucally collections 
of pus in the soft 
tissues while the de 
stnictive process m 
advancing m the shaft 


Fio 321 —Late stag# 
of acute oateoroyelit s of 
humerus Imolncmm 



The subperiosteal new bone mcreases greatly in 
amount to form the involucmm and its surface 
becomes very irregular m outline Sooner or later it 


fullyformel The com 
pactum of the old sholt 
seen with n the mvolu 


IS seen that the destructive processes have ceased to 

spread and from now on dunng the usually long draw n*out repara wc 

phase the X raj appearances alter much more slowlv With the siibsi en 
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of the mtcni^e hypenTmia tlie Iwno structure a'< a whole becomes much 
more normal in appeanincc regaining its density and aharpness. CaMtiea 
lieconie better <lefine(l and sequestra liceonie more clearly recognisable. 
The subperiosteal new Iwnc, vihilc diminishing m amount, increases in 



Fir 32i — Chronic *fage of ocute 
o^teomyelitijs of femur Completely 
separated ipfjuostnim lymj; m 
cavity partly formetl by involticnim 
The lower end of the sequestrum 
projects through a cloaca 



Fig 3S3 — Sutiacute osleo* 
mjihtH of tibia V'er> little 
ncCTous — will marked pennsleaj 
reaction 


density It becomes more regular m outline and more uniform in etrutturo. 
At this stage cloaca; are often clearly visible, leading to cavities in the cortci. 
contammg sequestra The shaft is gradually remodelled and replaced by bone 
that 18 mucli denser than normal to start with The change to cancellous bone 
IS slow and rarely complete 
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Except m very joung diildren in whom the infection lias been clueflj 
subperiosteal osteonijehtis generaDy leaves bone changes uliieh are recogn s 
ible radiographically throughout the patient s life These changes consist of 
irregularity of bonj architecture with areas showing varying degrees of sclero 
SIS sharply defined cavities and bone defects Locahsed recrudescence of 
active disease may occur even after an interval of several jears and Xray 
exaramation may show the presence of a sequestrum or recent periosteal 
reaction Sometimes however a small ecquestnira may be entirelj obscured 
by an area of sclerosis and no signs of activity may be demonstrable 

The diagnosis of aeutc haimatogenous osteomyelitis is xarelj in douU 



tio 324 — Subacute o'iteomycl t « cortical abscess The lateral ^ ew showi the abscess to b® 
guperfic al in the cortex posteriorly not a central medullary abscegs {c/ F g 3 6). 

cluueally and it is important to realise that X ray exam nation does not help 
in early diagnosis It must be remembered that throughout the acute pro 
gtessive stage of the disease the X ray appearances lag behuid the cortespon 
mg pathological processes This is not to deny the usefulness of 
examination in providing information of great clinical value m the later stages^ 
Radiological evidence is of particular assistance in determining the sites o 
sequestra and in deciding whether they are sufficiently free for removal 

bubacute and Chronic Osteomydihs 

While most cases of hematogenous osteomyelitis haie an aeutc on^et I'ltl* 
high pyrexia and intense pain and tenderness in the affected bone cases 
infr»*quently met with m which the onset is less abrupt and in which v e 
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first examined ^ad^og^^pIJlcaU^ qmte definite bone changes are mamfe‘-t 
The X raj appearance-* mft% he similar to those of a fully de^ eloped case of 
acute osteomjehtis inth nideapread bone destruction and periostea] reaction 
but frequeutU t!ie bone destruction i»Ies!» extensive and may even lie restricted 
to a rehtireh small area m the cortex An example 


of sncli a subacute lesion is illustrated in Fig 323 
The periosteal reaction m the more localised eases 
tends to consist of the laimg down often m layers 
of denser and more regular bone Further the 
initial lesion is qmte frequentU in the shaft of the 
bone as opposed to the almost invariable meta 
physeal site m acute osteomjehtis Such cases of 
low grade nnilencc which nm x chronic course are 
more common m joung adults and older children 
than m the young 

In some of tliese thronio cases great diflicultj 
luaj l>e experienced m t! e differential diagnosis 
betueen an inftammatorj lesion and neoplasm and 
indeed the distinction is often qmte impossible 
radiologicallj from a single evammation 

Anotlier form of lesion sometimes met nith is 
shoun in Fig 324 The condition here is n suba 
cuto bone abscess m the cortex near the upper end of 
the tibia The pnmar\ site of the arrest of 
organisms in this case must ha\e been m a penosteal 
ve-ssel suppljnng that part of the cortex 

An interesting example of chronic ostcomyehtis 
duo to a neighbouring source of infection is iJhis 
trated m Fig 32o In this cate there was a large 
tropical ulcer oierljxng the antenor surface of the 



1 


tibia 


Brodie s Abscess — This, is a rather rare form of 


cii^ontl^^ oi>eeiym}ehtfs in wJf/cA a cbtnntc afe?ettsr 
dcveloj s m the cancellou'i hone near tho end of a 
long Ixine mo«t commonly the tibia (Fig 32C) 
It gcnerallj occurs in joung males between the ages 
of 14 and 2o There nia\ be a historj of a 
jrenous osteomjehtia though not necessarily m 
the same bone The abscess appears as a translu 


I lo 3 3 n ro o teo 
iji}-*] t 3 of t b a tl re 
e U of iipreact of infect on 
from a trop oal silcer e tu 
immeil atelj o\er tlse 
pinodlealTitMle 


rent area often oval watb its Jong axis m tlio axis of tlie bone It 


nnv show sclerosis of it*' margin and po^sihlj a small sequestrum Tliere 
IS as a rule no periostea} reaction but the cortical hone is generally 
mcrea«od m extent and tlcnsitv The lesion may he some distance from 
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Fio. 326 — Brodie'g ab»ceN-«. upper end of 
tibia The caMt> wa.'i ccntrallj- plaoeil in 
the cancellous tissue and surrounded by a 
zone of sclerosis. 

Fig. 327. — Osteomyclitw 

the epiphysis, owing to growth in length of the of radius m an adult The 
bone since the abscess originated. mfeciion spread lonp 

The differential diagnosis from benign bone cyst the *arti^ar sur- 

IS generally easy, as in the latter condition the faces. (Note penosteal re 
lesion is usually larger, there is more expansion, 
and the cortex is thinned. ’ 

Braihjord has recently published a valuable 
study of sixty-two cases of chronic bone abscess. Inhisseries, the most common 
site of the lesion was near the lower end of the tibia. In this situation, the 
shape of the abscess, especially in the more clironic types, was frequently found 
to elongated rather than rounded or oval. In many cases the length of the 
cavity was one inch or more as against a width of about one quarter of an inch. 
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Sclerosing Osteomyelitis (Garre) — Thw is o rare fom of chronic non 
snpinirati\e osteomj'ehtis gcnerallj affecting either the tibia or femur m older 
children and }o«ng adults It 13 characterised bj i diffuse area of sclerosis 
near the end of the iliaphysis, gradinllj fading off into normal bone 

The cortex is increased in extent and density, and the medultary cavits 


Fio 328 — OsteoiTJjeutw of frontal bone in nn acliiU The mfectiou spreiwl acrpiguiou'^ly m 
fftir pwAnW a? UtiW A>r weiwssjieAjw at i‘ A t .fgnve' ^/tnf 

showeil progressive widening of the cltftnnels of infection Later a few smati sequestra were 
exfoliated from the outer table Recovery 

may be so much encroached upon as to be unrecognisable A somewhat fusi 
form expansion of the shaft results and there is generally slight roughening 
of the surface The X ray appearances m the early stages of some forms of 
Eictng's tumour may be indistinguishable from this condition 

Complications and Sequels of Osteomyelitis 

Involvement of the Epiphysis — ^In the typical case of osteomyelitis in n 
child the infection .very rarely spreads from the raetaphysis to the epiphysis 
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and this is accounted for bj three anatomical features Firstlj, the epi 
phjseal cartilage is a strong bamer against direct extension SecondJj 
the subperiosteal collection of pus does not tend to spread towards the 
epiphysis because the deep lajer of the periosteum js finnlj adherent to the 
circumference of the cartilage Thirdly, the blood supph to the epiphvsb 
IS practically separated from that of the diaph^sis 


Fig 329 Oateom>elitw of frontBl bone in an infant (a) Six «peki after infection, ibowm 
Bubperieraniat new bone format on and eiwion of the underliinp laidt (6) Stage of iccomtj 
five months later 

In adults the'se reasons do not applj and there is no bar to the mvolvemcct 
of the articular end of a long bone (Fig 327) 

Pnmar\ mi olxement of the epiphysis is rare but not unknown It soroe 
times occurs m the upper femoral epiphj^ts m j oung children and mranab r 
leads to a pj ogenic arthntis of the hip joint 

In\ol\ement of Neighbourmg Joints — Thu is not very common but niav 
be expected in those joints where the capsule extends o^er the adjacent 

metaphjsis Tlie upper and lower metaph^ses of the femur are both partia ^ 
mtracapsular Other examples are the lower metaphises of the tibia ra U5 

and humerus and the upper metaphjsis of the ulna Pyrdh and Fam 
ment on the tendencj to infection of the knee jomt in cases of o«teomin i n 
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in the upper end of the tibia. They consider that this is frequently due to 
inadequate drainage of the upper limit of the subperiosteal -collection of pus 
and emphasise the importance of canying the incision in the periosteum right 
up to the epiphyseal line. The radiological signs of joint involvement are 
considered under the section on Acute Arthritis. Involvement of the epiphysis 
will naturally lead to joint infection, but, as already stated, this is uncommon. 

Alteration of Growth of Bone. — Veij' occasionally the epiphyseal cartilage 
is damaged by the infection and subsequent growth is retarded or arrested. 
A more common result from 03teom3'eliti3 is overgrowth of the affected bone, 
an effect whicli is presumed to be due to hyperjemia. An increase in length 
of 1 inch is not at all unusual when there has been widespread diaphyseal 
in%’olvement. 

Special Sites of Osteomyelitis 

Skull. — Hsematogenous osteomyelitis is extrenjely rare. The infection is 
usually introduced from without or is an extension from local suppuration. 
The bones of the skull, except in infants, show practically no reparative power, 
and there is never any periosteal reaction as seen in the long bones. * 

(1) Localised Form, as a result of an infected scalp wound or a suppurating 
hsematoma. This shows radiographically as a limited area of superficial 
necrosis with sequestration of a thin laj'er of the outer table. 

(2) Spreadixo Form.— This generaUy affects the fronul bone, and ori- 
ginates from a frontal sinus infection (Figs.-328 and 329). The extension of 
the disease takes place in the diploe and b occasioned by spreading thrombosis 
in the diploic veins. Not until a late stage is tlie inner table inwlved. The 
outer table has a worm-eaten appearance, and small sequestra maj' be seen. 
Subacute and chronic forms of osteomyelitis sometimes occur after typhoid. 
Sequestration is rare and there is often a good deal of sclerosb. 

Lower Jaw. — Hiematogenous osteomyelitis b rare in tliis bone, though it 
does sometimes originate in the neighbourhood of an unenipted tootjj. 

As a rule, osteomyelitis is the result of a spread of infection from a fracture 
or from an infecterl tooth socket. Periosteal reaction is well marked along the 
mfrrior surface and in the neighbourhood of tho angle. Sequestra tend to be 
either relatively small or gros.sly large. The former type is seen along the 
alveolar margin, and the latter occurs at the angle and in the inferior part of the 
symphysis. The lower jaw has remarkable reparative power, and there b 
frequently very little residual deformity after even extensive necrosb. 

Phalanges. — ^Bony involvement, especially of tho distal phalanx,, is a com- 
mon complication of septic finger- lliere b sometimes intense hj'pcrajmic 
rarefaction : so much so, that the shadow of the phalanx maj' disappear 
entirely, and it Ls difficult to tell the amount of hone destmetion. In many’ 
cases, once adequate drainage has been establhhed, a reappearance of bone 
stnictxire is visible. 
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In other cases the inflammatory proces.^ in the pulp of the finger spreads 
directly to the phalanx and causes bone destruction, which rapidly spreads 
through the ^hole ■width of the phalanx. The extreme tip of the phalanx has 
some independent blood -supply and tends to survive for a time, as does also tte 
base of the phalanx -with the articular surface, which gets some blood-supplj- 
from the jomt capsule. The interphalangenl joint is verj’ apt to be involved 
eventually. There is no periosteal reaction, as a rule, for the periosteum has 
been destroyed by the neighbouring inflammatory process in the soft tissces. 
Jlultiple small sequestra are sometimes seon ; more often there is complete 
absorption of the affected part of the phalanx. 

Spine. — Acute haematogenous osteomyelitis is generafly of such a fulmi- 
nant and fatal character 
that X-ray examination b 
rarely of any diagnostic 
assistance. 

Tlie less acute and 
chronic forms are very apt 
to be mistaken for tu^rco- 
lous disease, and the dis- 
tinction is often not 
possible in the early stage*, 
when the radiological sigm 
ate merely diminution of 
an intervertebral space, 
with some irregularity of 
the adjacent surfaces of 
tw o vertebras. The follow- 
ing points may be of 
assistance in favouring the 
diagnosis of staphylococcal 
osteomyelitis : 

Fig 330. — Acute osteomyelitis of the os calci.|. C«rly (IJ ^Tierels less rarefac- 

tion of the affected verte- 
bral bodies than in tuberculous disease. Indeed, sometimes there is an ap- 
pearance of sclerosis that may even sugge.st malignant involvement. 

(2) There is le-s-s vertebral collapse. 

(3) Bony bridges are throwm out from the edges of the bodies. 

(4) Bony fusion between the adjacent '•ertebr® tends to occur after a 
relatively short penod of immobilisation. 

Pelvis. — Subacute and chronic cases are not infrequently met with. 
commonest site is the upper part of the ilium near the epiphysis for the 
The disea'se spreads in the blade of the ilium and may involve the sacro- c 
joint. There is a great tendency for the suppuration to extend widely m 
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soft tisMies RadiograpliicalK , there w generaUj visible a large area of irregu 
lar bone destruction xnth multiple sequestra Areas of bone sclerosis are 
often seen near the |>enpherj of the legion, but there is rehtiveR httlc evidence 
of bonj repair, and anj large bone defect remains permanentl 5 

Manj of the«e cases arc clmicalli ob«c«re and the firet evidence of a lesion 
may be the appearance of a discharging skin sinus m the buttock or region of 
the hip In addition to ordinary rcdiographj of the pelns it imv necessary 
to outline the smus mth nn ojwique medium 

Tarsus — Tins is not a aera nre site for hiematogenous osteomjehtis 
The os calcia is more often mvoKed pnmanU than tlie other bones (Fig 330) 
Extensive necrosis and multiple small sequestra are demonstrable radio 
grapiiically, vnthout evidence of pmosteal reaction Tliere is a great Iikeh 
hood of spread of the infection to the neighbounug tarsal bones with 
mvoliement of the jomts 

Araputatron Stumps — Infection of an amputation stump may produce 
mflammatorj’ changes m the <ait end of the bone,, but the process does not 
tisualh spread far, and there is relatnel) little periosteal reaction A seque« 
tmm, if formed, is either conical or of nng shape 

Infected Compound Fractures — ^After an inter\*a] of U\-o or three vieeks 
tjTucal areas of bone destruction are seen m the fragments The mfection maj 
spread tliroughout the shaft but as a rule, doci» not extend more than a feu 
inches from the site of fracture in either direction Conical or ring sequestra 
may form as m amputation stumps If the fracture i« commmuted and if the 
penosteura attached to the separate fragments is inioKed in the infected area 
these fragments die and remain dense b) contract inth the sutroimdmg 
osteoi>oros!s Periosteal callus is formed, except uhere the periosteum has 
been destrojed Occasionally no peno'^teal callus is developed and a p^eud' 
artliTo«is 18 the final result, but, as a rule, the failure of callus formation js 
confined to one aspect of the fracture, corresponding to the region of infection 
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CHAPTER XXVin 
TUBERCULOSIS OF BO\F 


BY 

F CAiii BELL Golding M B , "M R C P D M R E 

The tu^ikcle bacillus tends to be deposited tOT\ards the ends of bones m 
the spongiosa This maj be explained b\ the embobc theorv of the occlusion 
of end arteries 

Several types of lesion with subgroups hare been described hr ranous 
authors Tuberculosis Of bone is a disease of protean radiological manifestation 
and a concise classificat ion of types is difficult The reactiort of the cortex and 
medulla to the infection differs and a classification based on the \ rar appear 
anees mil depend on the relative extent of involvement of these parts 

PATHOLOGY 

The Fop51atio> of Follicles -—The follicle coasists of a collection of 
epithelioid cells surrounded b} lymphocytes some giant cells are uniaDr 
present The follicles coalesce to form nodules mth a poor blood-supplr 
Tlie endothelium of neighbouring vessels becomes sirollen and the centre of the 
nodule tends to caseate as it enlarges 

Replace3Ie>t op the AIabpow by GEAVt7LATio\ Fibeous Tlssces.— 
Some granulation tissue forms between tuberculous nodules The tissue mav 
invade a vary mg proportion of the shaft m some oases the amount of granu 
lation tissue and erosion is considerable and necrosis is slight 

ABSORmo> OF Bo>e jtso Fop>iatio'\ of SEQuE.’nHA — The lamell® of 
bone are destroied and the dead fragments are absorbed but if a large part 
of the cancellous tis»ue is involved a sequestrum forms invaded br granuh 

tion tissue The necrotic area is surrounded by a fibrous reaction 

The Radiological Evidence of these Changes — ^The pre'^ence of the tnbeit 
bacillus with its cellular reaction induces a state of hy-persmia The cancellou* 
bone undergoes osteoporosis and m certain sites the periosteum mai 
raised by serous cfiusion There is a locaIi.-)ed destruction of cancelloua bone 
which IS visible as a rarefied area Small sequestra mav be visible butthevare 

irregular and ill-defined compared with the sequestra of septic bone legions 
If the cortex is osteoporotic and the tension 'nthin the bone is raised a lo® 
expansion tends to occur The exce*« of ralcrum under the j)eno<teum may 
used to form new bone Penostitis is less common than m sejitic bone le^oi^ 
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Ihe le'iion is not characterised b} a penp}ierai sclerosis 
3ne c\cej>tion to this statement is not infrequently en 
mimtcred in tuberculosis of the os calcis 

Four patliological tj])es of lesion are found The\ 
jccur m a decreasing order of frequency, as follows 

(1) A localised osteom 3 ehtJS with ca««ation 

(2) An extensive osteomjehtis or granulating form 

(3) A tuberculous perio&titis 

(4) A cystic form (os.teitis tuberculosa multiplex ejs 
oides) 

Radjologjcally, it is Lonvenient for descriptive inir 
[loses to divnde the disease into tuberculosis of (he short 
:he long, and the irregular and flat bones 

TUBERCULOSIS OF THE SHORT BONES 

Tuberculous Dactylitis (Spina Ventosa) — Tlie ^onset 
occurs typically m infancy it is comparatively rare after 
the age of 10 years Several short ^ncs are frequently 
involved, and the condition may be associated with other 
tuberculous lesions of Ixine 

The earliest evidence of niNolvement is shown by 
periosteal elevation with new bone formation (Fig 331) 
rhis can often be detected liefore changes are visible w ithm 
the cortex Later, the cancellous bone liecomcs rarefied and 
[nrtly destroyed Within the area of necrosis small 
dense iwrttelea or definite sequestra may be vTsible The 



Fio 33J — Tliff 
flight |M>noa(itH 
% iiiif)Ie on tlio prox 
itnal plialanx pre 
CMlpd tubereiilou4 
liMlructioa of the 
mciixitta 


cortex tends to evpind and with the deposit of new bone under tho pcrioa 


tcum gives the fusiform elinpc associctcd vMth dactylitis (Fig 332) Per 


fonition of the cortex mav occur with rosulting sinus formation 



DltFLULKTIAL DlAONOSlX — iS'cC SyrluIltlC 
Dactylitis 

Osteitis Tuberculosa Multiplex Cystoides 
(Junglmg) — A oonduioii characterised by cir- 
cumsenlied arcis of destruction m the short 
bones frequently associated with slvin lesions 
and mx'olvcmeut of lymjihatic tissue 

CusiCAL rEATCRF-s— A fusifomi Swelling 
over tho oCTected site is often tlie only local 
cndenco of disease The condition usually 
begins m adolescence Whiles are more frt 


T, 1 VW"!!} ttlTcctotl tlmn females The disease 

t-K ilJ — Tiilsprotilott^ ilttc t . » » « » ^ 

*’® "'’•wuiteil With enlargement of the 
formnijon Iv mphatic gland-, or Boeck s sarcoid The skin 
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lesions are situated over the affected site or at some distance auaj and 
occa&ionallj they are absent 

Tlie course of the disease is often symptomless in spite of the extent of the 
bony lesions Pam when present is usually an early feature The progress 
of the condition is slow with i tendency in some cases to spontaneous 
recoxen Inoculation of a guinea pig may give negative results but the 
tuberculous origin of the process is stated to liave been proved m many cases 
[Jacohsm Kyrlt Stalmann) The lesions in the gumea pig usually take 
longer to develop than in other tuberculous diseases Until furtlier evidence 



Fig 333 Osteitia tul)«rculor« 
nultplex cjsto le Tie central 
s tiiat on of tl e cystic areas m the 
end oftlebone s a typ rsl feature 



Fio 334 — T1 elocaliaeclnecrosmg 
form of tuberculos s The cond t on 
has apiead through tho ep phy’eal 
caitilage A sequestruni a pre ent 


IS produced it is suggested that the condition be regarded as an infective 
granuloma of unloiown origin 

■Radiogbaphic Appearances — ^Tlie cysts inthe'handsandieetVMlj^'®* 
siderably m size They appear as multiple transradiant areas m the shaft of t e 
bone The smaller cysts are usually rounded and clearly defined (Iig ^ ) 
In some cases the cysts fuse to form large ovral areas and the joint ^ ^ 
may be involved An appearance is then produced resembling the punt e 
out areas of gout , 

Withm the last few y ears some examples of the disease have been 
in uhich these lesions were found m tlm long bores (ion Alsty'^ 
Gowen Sanea and Smith Jac(A>sen OonnoUi/) In tliese patients the ey* ' 
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areas are stated to be much larger than in the short bones Tiiese cj&ts may 
be confuted with the Jocahsed form of tuberculosis of long bones Se\eral of 
these cases are open to tins cnticism 

TUBERCULOSIS OF LONG BONES 
Localised Form — One t\pe of lesion begins m mfancy as an area of 
rarefaction and destruction m the region of the metapliysis This enlarges 



tic 33 j — ^ pcnpbernl tubcreulixa 
containing s s«juewtnim 


Ftc 33 c — \ largo contrul tiifwrcuious afsccia, 
contaiiung small spque^tra with slight penosteal 
leaction 



bj the local destruction of canrellons bone, which may be absorbed, or mat 
form an irregular seque^t^lm In this situation it is of surgical importance, 
as it IS capvble of penctriting the epiphyseal cartilage and nnolvmg the joint 
The fact that the process i& not obstnictcd bj the epiphv’seal cirtilagc is a 
useful pomt m diagnosis (Fig 334) 
xuin— 27 
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Tjo 337 T leculo ilostruct onofthe sch um w thcA den G 
of nee •ot 1 0 e T1 s le on occas onally exten h into the h p 
JO nt 


An abscess forms 
■which IS usualli 
central but maj be 
peripheral Tbe 
lesion may also occur 
in the diaphj'sis In 
this group as in other 
tuberculous lesions of 
bone it can be seen 
that wath the inaolve 
ment of cancellous 
bone necrosis is the 
predominant feature 
(Figs 33o and 336) 
but when cortical 
bone is affected new 


bone tends to foim under the [lenosteum Tie latter is more obvious m 
localised lesions of the diaphj'sis which are also more often associated with 
oxpans on of the cortex than lesions near the metapbysis 

Infiltrating Form — In a second type of the disease extensive infiltration 
of the shaft bj granulation tissue is the predominant feature The appear 


ances are tliose of an osteomyelitis 
in which dcstniction of cancellous 
tissue IS more obvious than is 
sclerosis 

In SOI le cases of cortical m 
aolvement an iiw lucrum forms 
but in contrast to that of pyo 
genic osteomyelitis it is frequently 
rarefied 01 lammated with very 
small aieas of destnict on within it 

TUBERCULOSIS OF THE FLAT 
AND IRREGULAR BONES 
The lesions are similai in type 
to tho c seen m the juxta epi 
plij seal region of long bones 
that Is. i localised necrosis is the 
typical feature (Fig SB”) 

The lesions m tl 0 skull are 
frequently multiple The frontal 
and I arietal bones are most often 
affected The infection appears to 
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flrice m the diploc «ith circuhrero^oii 
of both tables Seqxiestrum formation 
IS common 

TubercuIo«K of tlio irrejoilnr lionw* 
Is of «oine importance as it includes 
Pott s disoa?^ Changes of a sumi ir 
tjqie maa lie seen in the t irsal bones 
especnllr the astragalus and os eaki 
Tulierculosis of the greater trochanter 
ako bears more resemblance to this t\q)e 
than to the other le ions of long bones 
Tuberculosis of the Spine is tlie 
commonest of all tuberculous lesions 
of bone The onset is usiinlU in in 
fanc^ or adolescence Tlic 
mculence is before i>earR flic aged 
honevor are not exempt 

In a senes of 2'’0 patients seen at 
the Roaal Isational Ortbop.’edic Hoe 
pitnl the 6C\ mcidenco was equal until 
lu tears from I to Co jeare there 
uere twentj six males and etphtj 
seven females 

Four tj'pes e'ln be rccogniacfl 
luotaphtseai 01 marginal (i) central 
(llsubixinosteal and (4)appendicul»r 
In Groups l 3 similar characteris 
tics are manifest The first evidence 



fir 3aa — Tie lutjvmiloiu proceiw n 
leuKMincolIa^is^oftisblntLes) andmiuaon 
of a thin) t Jnrv alr>r«s» fonnn] an I 
ttwrkfxl piranU No(e tic aneurism 
phfno nenon n tl o Io«pr dorsal wrtclra 


of the disease is an area of necrosis Xlie 



commonest site is adjacent to the disc uherc 
jt apjjoar* as a eircunisenljetl pwnclied out 
area or as a diffuse erosion rf the surface 
Narrowing of the disc space is an onrh and 
important feature 

Tlie central lesion forms a rounded zone 
o! rarefaction which rapidly extends to the 
penpherj frequenth towards the lower disc 
(Iig 338) An apparent margiml erosion 
maj m eonie cases be traced to a central 
necrosis if a film is obtained wluch gives 
good detail 

III addition to these ta'pes a spreading 
penosteal form is sometimes encountered 
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This IS usually anterior but may be on the postenor surface of the 
bodies This type may be difficult to detect as bony destruction is minimal 
Several bodies are usually mvolved TVith abundant suppuration The disease 
spreads by tracking under the longitudinal ligament 

In any of these forms a trackmg abscess may cause a secondary lesion with 
collapse of a body some distance away from the origmal infection There may 
also be two primary bone lesions in the spme The transmitted pulsation of 
the aorta througli an abscess lying on the surface of the bodies may produce the 
same mechamcal effect as aneurysmal 
pressure Tliese changes are confined 
to the region between Thoracic I\ \ 
(Ghormley aivX Bradley) (Fig 339) 
Collapse of a body affects the 
anterior more than the posterior 
border and produces a 1 yphosis or 
I ypho scoliosis In some cases the 
IkkIics collapse m conccrtma fashion 
K} phosis is also caused by erosion 
of \ertebral surfaces half or more 
of a body may be lost by this process 
(Figs 340 and 341) 

WJien there is complete destnic 
tion of discs bodies may fuse and 
jt may be difficult to determine 
the exact number of vertebra 
which are involved This may 
usually be done by countmg the nbs 
traim\ erse processes or pedicles 
It IS more common in those patients 
who ha^e marked changes m several vertebr*e 

The presence of an abscess may be inferred before calcification takes place 
withm it In the lumbar region the shadow of the psoas deviates laterally 
(Fig 342) a paravertebral opacity is visible m the chest by reason of the 
contrast of the lungs and m the cervical region displacement of soft tissues 
especiaiYy ftie trachea can 6e defeeferf jTn the ihter stsgfy ih;i^ 'W ^mali 
areas of calcification are clearly visible in the track or mass of the abscew 
(Fig 343) 

Sclerosis of bone and new bone formation are rare in a tuberculous lesio 
"Many cases hai e been published sliowong these features in the spine It do 
denied that tliey may occur but m their presence the radiological diagnosis 
of a tuberculous origin becomes doubtful unless a secondary infection has 
added Sclerosis may be simulated by the calcification of tuberculous de ns 



and wedging of tl e pper body A type of 
lea on more common n nfants t) an n ad It^ 

Dislocation is sometimes produced 
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CHAPTER \\I\ 


TUBERCULOSIS OF JOIKTS 

T Ca-mpblll Goldinc MB MRCP BMJIE* 

1 L BFFCin.oirs DISEASE IS one of tlie most frequent lesions of jomtsencoizntejcd 
in routine orthop'odic practice 

It IS important to bear in mmd that the radiological evidence of infection 
tends to lig behind clinical signs In the lung it is possible to make an earl> 
diagnosis of tuberculosis bj reason of the contrast lietu een air filled spaces and 
tuberculous tissue nhereas some time must elapse before the dense cortex 
and firm netu ork of bone sliow signs of disease 

The radiogram mav not give conclusive evidence of the nature of the infec 
ti\o organism but during the stages of invasion progress and repair sufhcient 
evidence maj be found on the film to confirm a tentative diagnosis Manv 
joint infections tend to lose their characteristic features m the joars after the 
process has subsided In tuberculosis this tcudeuc^ is intensified in ueight 
beiring joints and m these inv aded by secondarj organisms 

Age Incidence — The disease is commonest m mfancj reaching its maximum 
incidence between 3 ind 7 years and declining progressivelj toSOjears after 
which It is uncommon 

Sex Incidence — In a series of 8-I0 patients at the Rojal Jvational Ortho 
p-edic Hospital who hrd tuberculosis of the bones and joints tlie -sex incidence 
was equal apart from tiiberailosisofthesacro iliac jomt (fourteen females two 
males) and the older patients \nth tuberculosis of the hip and Icnee joints (in 
whom the ratio was four females to one male) 

Joint Incidence — In the above ‘ieries the joints were affected itt tlie order 
— hip knee tarsus ankle sacro iJiac jomt elbow sboulder and wTist 

Mode of Infection — A joint may be involved ai, a secondarj proce^^s bj the 
tubercle bacillus m several ways bv (a) direct smovnal implantation 
(6) rupture of an osseous focus m the end of the bone (c) extension of a raeta 
phj'seal lesion or (d)cxtensionfronialeMf»imsoft tissue (e g absce’»s bursitis 
or tenovagmitis) 

PATHOLOGY 

Involvement of the svnovial membrane bj tuliercles induces hjperiemm 
and swelling Granulation ti«siie formsandapreads The cartilage is attacked 
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from abovo nnd belo^\ vt may be perfoTateU or separated as fragments or 
entirely detached The caleram content of the bones is lowered by relatne 
hjpersmia and Hter by disuse Some endarteritis is present but in con 
tradistinction to S3p{nhtie and eertam septic processes it is of secondan 
importance The major changes arc due to the granulomatous nature of the 
infectK n 

The subcliondral bone is invaded by granulation tissue and partly destro\ed 
Ihe amount of destruction vanes it may appear as a solution of contiguous 
surfaces or as a marginal erosion whilst m other cases the destruction is more 
extensive and spreads deeplj into subchondral bone In the presence of deep 
erosions sequestration of bone is liable to occur Tliere is a tendency for the 
lesion on one side of the joint to be duplicated on the opposite articular surface 
Destruction of the end of the bone with the presence of fluid and laxity of 
ligaments may cause subluxation of the jomt 

As the progress of the disease is checked some healing b^ fibrous and bom 
ankylosis occurs The natural healing of a tuberculous jomt especiaUy bj 
bone formation is slow and miperfect The rcsorptive process m the cancellous 
structure induced m the early stages and carried on during the progress of 
tlie disease tends to leave a permanent mark m the form of a coarse cancellous 
network for some distance round the joint 

RADIOLOGICAL APPEARANCES 

The interpretation of the film is based upon the pathology The two com 
mon modes of onset are osteal and synovial The relatn e frequencj of tl ev 
at various ages m different joints is disputed 

Stage of Invasion — The earliest evidence of m\asion is a localised porosi 
of the bones of the joints This is not a sign produced by the tubercle 
bacillus alone but m the event of inconclusive clmical evidence it maj be of 
the utmost importance indicating tliat the patient should be kept under 
ob'iervation At this stage the osteoporosis is too slight to allow of succe fu! 
repioduct ion m a text bookillustrat ion w Inch has therefore not been attempted 
To detect this change it is essential to radiograph the opposite joint as a 
control at the same time and if possible on tl e same film so as to eliminate 
anj diffeieiice of technique As the outline of the cortex sanishes in bone« 
which are already rarefied a false appearance of widening of tl e joint space 
may be produced 

In the event of the primary focus ansing in articular bone tiie course of the 
disease is the same but the ongmal focus may be visible on the radiogram as a 
localised area of destruction e g m the acetabulum In manj cases d is 
difficult to determine if the origm has been osseous or sjnoMal 

Stage of Progress — ^The local products of the tubercle bacillus have not t e 
power of dissolving cartilage possessed by those of the organisms a«socia e 
^vith the acute septic joint Destruction of cartilage is brought about 
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disturbance of its nutrition Early ablntion of tlie joint space is not, therefoie, 
a feature of tuberculosis As the disease progres'>es, ho\ve\ er, some narrou mg 
of tlie joint space occurs intli further changes in subclionflral bone Tlio 
margins, ^\hich were ill defined as a TC«nIt of superficial erosions maj become 
deeply pitted uithevca rated areas as seen in tlie knee or shoulder joint Cone 
or thimble shaped lesions are usually tuberculous 

Tiie amount of fluid formed m the joint vanes In the shoulder and iup 
joints a (In form called canea sicca, sometimes occurs A large collection 
of pus maj rupture througli the «:kin or into the tissues causmg a tiackmg 
<ab^cess , the path of the latter may be traced bj a deposit of calcium m the 
mspi«sated material left by the absce«s 

Tlve tension of fluid, together uith (he lavity of ligaments and eroded 
margins of the joint, tends to cause subluxation The direction of thesnbluaa 
tion la determmed by muscle spasm In the knee and cI!>ow this is most 
frequentlv backirards , m the irrist fomards, and m the Inp upuards 
Dislocation m hen it occurs vs usuaU\ an early event 

As granulation tissue invadessubchondral bone, it separates fluffj fragments, 
which are usuall> ab>>orbed Sequestration of bone is not a erj common, and is 
usuailj evidence of deep croaton Its recognition is dependent on the differ 
enoe of densit j of the two parts ThetubercnloussequestnimfrcqiientJy retains 
an attachment to the bone, and does not separate mthe same clear uay that an 
osteomjehtic sequestrum separates Opposing areas of destruction with 
‘ kissing ' sequestra are seen typically in the knee ond hip 

The absence of sclerosis of articular and suhirtKuiar bone and the failure' 
to form new bone are important diagnostic pomts Invasion by secondary 
organisnw for example through a emus, alters the appearance , sclerosis and • 
lieu bone formation are then added to the destruction 

Stage of Repair — Healing is manifested in ankylosis, uluch is usually 
fibrous sometimes bony Tlie continuity orbonytrabecuhtionacrossthe joint 
is evidence of cure Afilscappearanceofankylosisisfrequently produced by 
overlapping bones Bony ankilosis is ‘K?ldom complete and there may be 
localised areas of rarefaction m some part of the jomt whose potential actmty 
is suspected These are often u ailed off and remain inactive indefinitely A 
natural attempt at cure simulating a surgical excision, may be seen m the hij> 
joint In these cases the diseased head and part of the neck are absorbed 
leaving a pointed process of lione, the 6cc d otscau A similar process in the 
acetabulum leads to great enlargement of the cavity, the “ ballooned aceta« 
buhun 

The radiological eaudence of cure is based on 

(1) Return of calcium content in the bones around the joint 

(2) Some definition of the cortex 

(,}) Absence of local rarefied areas , or no alteration in the appearance of 
doubtful rarefactions m a series of films taken over t\\ o a oars 
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(4) Bony inkylosis which ib ■ustiaUy meonaplete in tlie absence of surgical 
inter\ ention or secondary infection 

After healing has talcen place some evidence of the tuberculous origin of 
the process inaj be retained m the jomt This may be m the form of small 
irregular striictuieless deposits of calcium in the region of the joint or a ivide 
cancellous trabeculation m the affected bones or the bones of the joint beloi 
the original lesion (for example in the hnee m a case of hip joint disease) 
Some secondarj effects of infection are seen m children Thesesigns nhichare 
not confined to the tuberculous jomt are as follows 

(1) Accelerated growth with actual lengthening of the limb Valgusand 
more rarelj varus deformity may occur 

(2) Increased size of the epiphysis eg the capital epiphysis of the femur 

(3) Early dex elopment of ossific nuclei eg m the carpus 

(4) Diminution m the wi^th of the cortex and enlargement of the medulla 

These features aro best demonstrated m the knee joint since growth of the 

limb IS largely dependent on the epiphyses m this region The contmuois 
liyperjemia of infection facilitates these changes It may for example al«o 
cause enlargement of the patellar nucleus 

TUBERCULOSIS OF INDIVIDUAL JOINTS 

Apart from the genera! features which characterise a tuberculous joint m 
any situation there arc additional points m individual jomts which mert 
description These are frequently an exaggeration of some stage of the mfec 
tive process oi xanations due to the type of joint involved 

In the follow mg description no attempt is made to describe the irogre^e 
ive change in the \ ray appearances during the course of the disease in tl e 
ranous jomts 

Tuberculosis of the Wrist — In infants the xvrist maj be infected from tl t 
blood stream or by extension from a spina ventosa affecting the second to 
fifth metacarpals Extension from a tenosynoxitis the first metacarpal or 
the radius and ulna is not common 

The disease process is frequently localised {Sorrel Sorrel Dejenne) The 
cartilagmous covermg of the bones which is comparatively thick up to the age 
of 10 years serves to limit the process and confine the infection to a few hone' 
Early appearance of the ossific nuclei is often a promment feature in t e 
affected WTist 

In adults the infection is more generalised than on infancj ^ 

rarefaction of bone w ith loss of bony detail and contour are the predominan 
features Sinuses are common (Figs 344 and 34o) 

Difperextial Diagxosis — The rheumatic diseases frequently invo'c 
the wrist . 

Some rarefaction of bones is typical in rheumatoid arthritis but loca sc 
osteoj orosis is not so intense as m tuberculosis In addition rlieuma o 
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arthritis tends to involve many joints. 
If theAvrist is affected, the other small 
joints of the hand are nsually involved. 
The t 3 *pical features of tliis disease are 
multiple joint inroh-einent, some 
generalised porosis of bone, mat' 
gmal erosions, and multiple sites 
of loss of cartilage. Return of bone 
calcium takes place as the condition 
becomes quiescent, mth tion)' anky- 
losis of the carpal joints without 
sinuses, sequestra , or irregular deposits 
of calcium in the joint space. 

Tuberculosis of the Elbow . — In 



Fic. 344 ■ — The earK sIseo of tubetciilo*»w 
of the tcTist Note the lU clefinecl cancellDU& 
stnictoTo of the earpa!<, the loss of ileBoition 
of the cortex, particular]/ of tlie os magnum, 
ami the penosutis of someofthometacarpaU. 


The joint is involved by 


youn^ children the disease frequently 
commences in the extremity of the 
humerus or ulna, more often the 
latter Some bone is destroyed, and 
a sequestrum is not uncommon in the 
necrosed area. Periostitis is frequently present, 
direct spread of the proces.s. 

In the adult the radiological changes are usually most marked in the ulna. 
A good lateral film may ehou a laige area of destruction e.xtendjng round and 
imder its articular surface Progressive destruction of tlie articular surface 
causes a ballooned appearance of the sigmoid notcli, with sharpemug of 
the ooronoid and olecranon processes. The radiological changes in the head of 

the radius are seldom marked : 
occasionally it appears to liave 
escaped infection 

Periostitis of the neighbour- 
ing bones is not unknown in the 
adult disease. It is irajwrtant 
to recognise that this may occur, 
afthough it IS rare m a tubercu- 
lous jomt m any situation. Tlie 
joint is rarely involved by 
spread from a tuberculous ole- 
cranon bnrsa (Figs. 34Gand 347). 

Tuberculosis of the Shoulder 
Joint. — T«o forms of the disease 
may be recognised. One type 
is associated with superficial 
erosion of the head, which gives 



Flo 345 — \ Ifttor stage of the ())ae)\..c in sn adult. 
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Fir 340 — \cti\e tuberculosis of tho 

elbow affecting tho three bones with deep Pio 347 — A later stage of tlie d «eese Not! 

erosion of the sigmoid notch and some the granulomatous invasion ofthaulna. 

periostitis 


an appearance of atrophy In subsequent years the cancellous tissue of the 
head also becomes more widely spaced and the ultimate appearance suggests 
a shrivelled head 

In the second form tliere is considerable destruction of bone, and the 
even contour of the head is broken by punched out or thimble shaped areas 
of destruction 

The major changes arc always present in the head of the humerus but en 
donee of erosion of the glenoid fossa is frequent)} visible although it may bi 
difficult to detect in films of poor 
quality Either form of joint 


disease may be present without the 
piesencc of pus but it appears that 
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bilateral and consisted of areas of 
extensire destruction resembling the 
punclmd out areas in tuberculosis The 
excavations were however larger and 
the disorganisation of the jomt wa< 
extensive 

Osteochondritis — The changes are con 
fined to the epiphjsis and 8ub€pipbj«eal 
bone The epiphysis is fragmented with 
irregular density and absence of rarefaction 
of neighbouring bones 

Ncptic Arthnhs and Osteoarthnlw — 
These are described elsewhere in thL 
volume 

Tuberculosis of the Saao iliac Joint — 
This is a disease of early adult life 
Females are more frequently affected than 
males The earliest evidence of mvohe 
ment is loss of the white line which maiVs 
the margins of the joint surface on the radiogram followed bv subchondral 
erosions The amount of destruction vanes if it proceeds unchecked oral 
lakes form m the region of the joint space and these may contam seque* 
tra or calcified debris An abscess frequently forms over the site or calcified 
areas m an abscess may be visible below the joint Subluxation may occur 



Fio 351 — Tie tj-p cal clangea of 
early tuberculos $ of the anhle joint 
The joint surfaces appear fluffy 
and there is poros s of ne ghbouring 
bone 


<Fig 350) 



Fig 352 — Tuberculosis of the calcaneo-cubo d joint 
taken place 


Some absorption of the joint surfaces ha> 
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DiifEREvri^L Diagnosis — ^Infection of the jouit other or^iintsm-s is un 
common One condition w Inch has to be differentiated is the snero iliac disease 
which IS ns^^oclated « ith span h/htts anlyjopoteltca In this ilisease the joint 
changes arc bilateral and some subchondral destniotion takes place but there 
N less eiidence of erosion and the area is frcqnentlv sunoimded bi a nuhl 
sclerosis of bone 

Tuberculosis of the Tarsal and Ankle Joints — A tulHrculouu infection of the 
tarsus maj lie restricted to one jomt maj m\ol\eReaer\l ornm^ bcgenerah'ted 
In a sene^of ei^hti two patients with the condition thirti si\ presented tlieni 
sehes for treatment before the end of their fifth tear 



Fio 353 A compAnitnctj rtro formofonsctofl il»cnt IcHw will mnrpinal« 0 '»ionoftIeleft 
knee ]0 nt anJ losa of tl e joint spore Tl o put ont also snflere I from t itwro ilosU of the I ing^ 
an I liotl one? mo Ih oflpr th s Tl n was tnkin fromjnll nrv lulxTrCulos -» 

A. tarsal infection rorcl> follows a spma \ciittsa of the mctatar’ials In 
t!ie earlj stages of the disease the rorefnetion of bone niai be so intcn‘*f} 
that it IS difficult to determine which of (he Iionea is^ afTccted In addition to 
the usual features of a tulicrculoiis mfecUon (lig 3ll) the di'iease jirocess 
fcometmies can es a marled di^wlution of jouit surfaces A large amount of 
Iwne maj lie absorbed and ns a result there n wide space lietwecn the 
affected bones (Fig 352) In the later stages of the disease smiU calcified 
flecks are frequentlj retained in the region of the joint apace 

In lesions of the ankle and suhastragaloid joints i primary focus m bone 
may be visible on the film Thisfocusappoarsasa eompariti\eIy large area of 
rarefaction resembling to some extent a cyst with a central ill-defined seques 
tram It may be situated towards the centre or articular surface of either 
tarsal bone or in the ju\ta ejnphaseal region of the tibia 
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Tuberculosis of the Knee Joint — ^DL<5ease of this ]omt is common In 
any large series of patients tuberculosis of the knee appears m tlie second 
place preceded only by tuberculosis of the hip In a senes of 146 pitienf« 
with tuberculosis of the knee the age and sex incidence corresponded almost 
exactly mth the findings m tuberculosis of the hip joint 

At the onset the disease may be synovial subchondral or metaphj ca! 
Occasionally the process commences as a clearly defined rounded erosion jiist 
below the margin of the tibial articular surface (Fig 353) 




Fio 354 — Chid aged 9 treats D ea o 
began at 5 years Ha I olog cally notact e 
Thre yeans after th s film vas tal en the 
appearance wa unchanged 


Iio 355 — Tubereulois confinrdw^'* 
nner I alf of the jo nt On-et of d wa » 

at 4 years Durat onwBnen^ea^<«tthB 

tune of the rad ogram E-cc on of tM 
jomt was performe i It showed that the 


The course of the condition taries greatly It vanes from a chronic 
ivith little erosion (Fig 3o4) to marked destruction and even bonj an ° ^ 
The latter cases are usually associated wtb sinuses Severe deforniitv ni 
also be present u ith dislocation r 

Most authorities agree that once the joint is affected bj rupture 

osseous foqjis full movement is never restored (Gird^c-sfort^) 

synovial form pursue a chionic course with absence of bone destruc i 
conservation ol the jomt space In these patients the onlj radio 
dence of past infection may be the coarse trabeculation of subarticu 
In a fell rare instances tuberculosis tends to remain localised to on 
of a joint m adolescence or m an adult The sites m which this tjT® ° 

maybefoundareusuallythemnerhalfofthekneejomt(Fig Sio) thepo 
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tic 3 j 8 — Eftfly t dxifculo of t1 e r ghl I tp joint Tlic rafcfftclioti ol boi e is tl e only 
ti idence of di^cast Tbo ntlit lopita) eiMphy-*! appeoK to b«* enlarged lait eho leg h rotated 
bl ghtly 


pirt of tho ankle joint nul the articular surfaces of Jhe humerua and ulnt 
As judged from the ridiogrtm the infection in these c'l'ses appeirs to be of lou 
virulence and does not cause sotere destruction 

DiFFfcREVTLU, Diagnosis — Belott ar© tabulated the prmcijial differen 
tiating featuics of conditions \\Iiieh maa simulate tuberculosis of the knee 
^cjde etippwraliic orf/irths — Onset rapid early loss of cartilage sxiacc , 
osteoporosis often m(en«e tilth loss of hont detail m neighbouring lione , 
wjqucstrntion comraoii 

iVon specijic Infectae ArthriUs — Slow onset , clirouic course » cartilage 
joss incomplete and unequal on the two sides local sclerosis of subarticular 
hone and tendenej to form new bone in late stages 

Sifphlis — Evidence of sclerosis or irregular eancelloui network mdicatuig 
pre'sence of osteitis m subarticular bone 
or presence of periostitis 

Charcots Joint — ^Increased density 
of bone gross atrophic or hyper 
trojihie changes affecting the articular 
surfaces numerous den^e loo«e bodies 
irregular m size and shape 

Tuberculosis of the Hip Joint — Hip 
disease is the commonest of all tubercu 
lous ma mfestations in joints In a ‘•ones 
of 270 patients at the Kojal National 
Orthopodic Hospital the greatest uum 
lier prc'iented them‘«l\es for treatment 
between the ages of 3 and 7 years 
Between the ages of 1 and 11 years 
there were 106 males and 69 females , 
whereas from 16 to 60 a can* there 
\T:ni— 28 



fio 5g7 — E\ idonu ofRivOrhondral ero 
(•ion of Ibo acetabulurn and lead of tho 
femur— tho ducaso hoing Mtill nctivo 
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Fio 3 <j 8 — Pat cnt age 1 1 1 >ear9 On et 
of tuberculo e at 3 No ra I ological 

0 (ienco of act v ty The acetabulum ha 
moved upwards Note the coarse trabe 
Qulation of bone The pat ent retamc I 
49 degrees of Sox on an I 50 degrees of 
a1 luct on tl 1« n of shorten ng 

sufficient bone to enable them to 
extend into the joint e g ischium 
The destructive tendency of the 
infection is particuhrl} marlced in 
the hip joint (Eg 3 >8) A large 
part of the head and neck of the 
femur is frequentlj absorbed and 
a similar process m the acetabulum 
leads to great enlargement of the 
cavitj (Fig 359) or even perfora 
tion mto the pelvis (Fig 360) 
Occasionally the malacia induced by 
the disease results in an intrapelvic 
protrusion of the acetabulum 

A feature of the later stages of 
the disease is the presence of a 
partly calcified abscess which passes 
m fascial planes through the muscles 
of the thigh for a varying distance 
Sometimes the shaft of the femur 
itself shows a central line of ap 


■were four times as many females vs 
males 

The mitial osteojiorosis is readilj 
lecognised as the joints aie so easily 
compared on the same film (Figs 3dC 
and 357) Apart from the usual synovial 
and osseous origins the hip is somet mes 
involved from foci farther removed 
from the joint These foci may be m the 
femoral neck or trochanteric region or 
occasionally m tl e ischium Tl e onlv 
factor vvliieli appears to govern joint 
infection is the relative proximity of the 
foeiis The distant foci seldom erode 
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parent osteopoiosis due to the presence of tuberculous pus which gravi 
tates doivn the medulla 

DirrERENTiAL Diagnosis — ^lu addition to the conditions considered under 
the knee joint the folloivmg must be taken into account 

Gongmilal coxaxara — A varoitl deformity with ele%aUon and beakin|, 
of the greater trochanter A vertical transhiceiit vone is present in the necl 
or an mverted Y shaped defect en 
closmg a bonj fragment ApHsia 
of the shaft is common 

Rachitic coxa tom — Tl la con 
dition IS bilateral inth broadened 
irregular epiphvseal Imea and 
rachitic changes eJsewlieie 

Adolescent coxa turn shows 
broadening of the epiphj seal line a 
change m the outline of the upjier 
margm of head and neck and 
endencG of douTiuard and backuard 
movement of the capital epiphjsjs 
OsteocJiondnlis of the Femoral 
Exiphysis — ^Increase ui density ir 
regularity m density fragmentation 
and compression of the epiphysis 
and alteration jn structure of the 
femoral neck are features ui tins 
condition 

Ostcomydiits frequently affects 
the upjier part of the femur aud by 
i-eison of the iiecuhar relationship 
between the attachments of the capsule and the epiphyseal line often spreads 
uito the hip joint This condition mav be distin^ished from the metaphj seal 
focus of tuberculosis by the extensive distribution tendency to sclerosis 
formation of several dense sequestra (which may be large) deposits of sub 
periosteal bone and dislocation of the jomt 

The clmical findings in congenital dislocation and the hysterical hip may 
simulate tuberculosis 

Primary Bcme Tumours and Secondary Deposits — The radiographic 
features are discussed elseirliere 



Fio 300 — Old tuberculos Jlof tbeh p «r tizout 
cv denoaefsot ity The 1 cud is absorbed an I 
theacetabulum iSTOuchentarKed vthaperfora 
t on into tho pelv s 
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SYPHILIS OF PONFS AND JOINTS 
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EARLY CONGENITAL SYPHILIS OF BONE 

Ihe maotfest iTioNS of congenital Jnay be divided into earl> and 

late The early period includes tlie signs which appear from birth to three 
or four year s 

The radiological examination is of some importance as serological tests 
are not alwajs rehablo especially m early infancy A high proportion of 
syphilitic infants have skeletal disease during the first six months often vntli 
obscure symiptoms or only mild skin eruptions The bony changes are usually 
widespread m infancy A pathological process confined to one bone is not 
characteristic of syphilis 

Radiological evidence of syphilis is found m the form of osteochondriti* ' 
F or metiphysitis p enostitis and ostei tis or osteomyelitis Osteochondritis is 
most important as it is frequently present in a recognisable form when tlie 
clmical diagnosis is difficult 

Pathological Features 

The end of the shaft of a normal growing bone consists of restmg cartilage 
The deeper layers are arranged in regular columns of cartilage cells The«e 
cartilage cells show a maximum growth on the diaphyseal side and the larger 
cells exhibit signs of degeneration There is some calcification of the matnx 
between these cells This calcified zone is visible on the film as a white Ime 
called the zone of temporary calcification Beneath this region is the area of 
pnmary spongy bone a framework ultimately replaced by the permanent 
osseous trabeculiE Interspersed in the pnmaiy and secondary osseous frame 
work are loops of blood vessels 

In syphilitic osteochondritis the preparation for ossification contmues ui 
a normal fashion but the completion oftheprocess is delayed The provisional 
or temporary zone of calcification therefore becomes wider than normal 
The blood vessels are arranged in vertical and transverse systems Of these 
the vertical loops are the larger In the pathological process these are less 
likely to be obliterated and some ossification takes place around them pro 
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ducmg irregular tongues ofos^os tissue which gn e the saw toothed i 
ance on the radiogram 

Fibrotic change is charactenslic of sj^ihihs It is preceded bj 
lascular round-cell infiltration Tlie formation of Bbrous and gran 
tissues causes areas of softening The Harersnn canals are wideni 
osteoclastic erosion of tnbecul'e takes place Displacement of the ep 
IS therefore bable to occur Arons of syphilitic mflamm■vto^^ change f 



Tto 3(51 — of boU> 
bones 91111 a toealiol area of 
ostaoiojalitb of tbo inner and 
upper border of the tibia In 
creased dens!l> of nietaphVBcal 
bone with a narrow zone of 
decalcjficatioQ 


Iio 3b2 — ‘Ptr5ostit)i of 
both bonea Syphiiilio oateo 
chondritis or nietapliysitis of 
the lower ends oflioth bones 
Osteomyelitis of tie inner 
aiul upper bonier of the 
tihia 


found m the dnplnsbr llie e's.sential feature is the replacement of bone ) 
nective tissue m wnall or conglomcnte areas Tlus reaction maj be loca] 
generalised and jieno^teal or central , at the same time osteoblasts fon 
under the periosteum or round the Haacrsian canals The shaft ma 
Iwcome verj dense without a eleardematcation hetweeu cortex and m 


Radiographic Appearances 

OsTEOCHOxTJprns — Tins tyjK? of lesion k confined to the region 
nietaphjsis It was called osteocliowlntis b\ Ilc(3'«er(I870) The di' 
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IS usually made durmg the first six months of life The earliest evidence of 
metaphyseal involvement is an increase in density and deptli of the zone of 
temporary calcification it appears during the first few weeks (Fig 361) 
This produces a white line on the film at the extremity of the shaft This line 
may measure 3 mm m depth Unfortunately it is not a sign which is pro 
duced by syphilis alone but may be associated with cessation of growth from 
’ any cause In the more severe lesions there is a comparatively broad zone 
of osteoporosis beneath the white Ime A diagnosis of scurvy should not 
be made, as the patient is too young to have contracted this disease 

In the more acti\e and advanced lesions the margm of the metaphysis 
becomes irregular During the fiist few months the sclerosed and-eaw-toothed 
' TOcla ph^siT" is^ probably: — the most 
valuable sign in the diagnosis- of— 
syphilis (Fig 3G2) Other features 
wIucJi may appear are a second zone of 
osteoporosis beneath and parallel to 
the band already described, or a 
separation of the epiphysis The 
latter is really a fracture tlixough the 
metaphyseal bone and is usuallj ac* 
companied by slight displacement or 
impaction 

The radiological changes are sliown 
best at the distal cud of the radius and 
ulna and proximal end of the tibia 
Periostitis — Penostitis and oste 
lUe may occur aa aftpatate leauaus but 

fo j63_3ypl„M.c d„i,u..a .. .n I. 0 IU are frequently found mth osteo 

infant with partial destruction of tl o chondntis in its later stages 
proximal phalanx of th© middle finger PcTlOStltlS IS of two types a lUlItl 

form which occurs in the first few 
montlis, and a more severe type wluch occurs later The latter causes 
considerable thickening of the shaft by the deposition of bone in layers undei 
the periosteum Periostitis is a very common lesion and may serve as a 
signpost directed tow ards the ultimate diagnosis 

OsTFOMTEiATis — Specific ostcomyehtis may affect any bone especiahj 
the long bones The lesions may be circumscribed or extend for some distance 
in the sliaft They appear as irregular areas of rarefaction necrosis and 
sclerosis In some patients the combination of rarefying and condensmg osteitis 
resembles a suppurative osteomyelitis but sequestration is rarer than m septic 
processes The clinical symptoms associated with severe bony disease are 
also much more prominent in suppurative osteomyelitis than in syphihs 

Over the affected region new bone is laid down under the penosteum and 
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the shaft becomes thicker than normal. A localised bilateral are*! of destnic- 
tion, affecting the jiroximal and me<hal surfaces of the sJiafts of tlie tibiw, 
IS pathognomonic of syphilis 

Tno types of lesion are found in the sknU, a ne» rosing and a condensing 
osteitis. In the former, both tables are affected and sequestra may form. 
In the latter, the condition involves the fivutal and parietal bones particularly ; 
the bones become sclerosed and tbidLened, producing the “ hot -cross bun ” 
effect. This condition usually appears about the ninth month. Croniotsbes 
occurs m congenital syphilis, but is probably due to concomitant rickets. 

Sjphtlitic dact 3 litis is %'ery rare (Pig. 3C3) : it affects the metacarpal? and 



$o) {» (e) 

Y&vs Leprosy. Tuberculosis 

Tiu. 364. 


metatarsals as frequently as the phalanges. It may l>e found at varj’ing ages, 
often before the end of the fir&t year. The Ixme is increased in breadth by the 
deposition of subperiosteal new bone ; it is also increased in densitj* and often 
ui length. There is usually less evidence of necrosis and sequestration than in 
tuberculosis. In many patients the differentiation of tbe^e condition'* is verv 
dilHcult or impossible on the radiographic appearances alone. 

Differential Diagnosis of Dact>'htis 

TcBERCtTLOSis — In this condition there may bo some periosteal reaction 
m the early stage, with central areas of necrosis ; the latter may be rounded 
or multiple irregular areas, vhich enlarge and clestioj the medulla (Fig 304). 
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The hone mcre‘X'!es in widtli but this is due more to expansion than to nei\ bone 
formation Necrosis often results'm sequestration 

Yaws — The differentiation from sypli Iis 
Ill'll le impossible especially after treat 
ment The areas of destruction may be 
peripheral or central periosteal bone is 
deposited and the shaft is sclerosed between 
the rarefied aieas Tlie condition responds 
to treatment 




Fig 3Go latent agel 4 jear^ 
riere are Federal d t net lajers of 
periosteal bone 


I EPROSI • — llie bone mereases in width 
Mith central areas of destruction Theie is 
no sclerosis Fracture of phalanges may 
occur from minor trauma followed by 
marked periosteal bone at the site 

In each of these conditions except that 
of leprosj the bone may increase m length 
In tuberculosis and leprosj it increases in 
breadth by subpenosteal bone and expan 
Sion m s>plnhs and vaws bj subperiosteal 
1 one alone 

LATE CONGENITAL SYPHILIS OF BONE 
(SYPHILIS TARDA) 

The lesions of late sj^ihilis bear some 
lesemblance to the acquired form and mav 
become apparent over a wide period Tlie 
more active lesions are usually found between 
the ages ofSand ISjears 

Interstitial keratites and skeletal changes 
are amongst the most common manifesta 
tions of late congenital sj pliilis TJ e bonj 
lesions of early congenital sj pliilis ma\ 
undc^o sjHmtaiieous cure or respond to 
treatment but the late lesions usually resist 
treatment and deformities tend to persist 
Both periostitis and osteitis occur 

Periostitis — ^The periosteal reaction maa 
take several forms In the young patient 
the periosteum may be thickened bv 
lamellated layers winch he parallel to the 
shaft (Fig 36o) In anothei form which 
usually appears later the shaft is mcreased 
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Fig 3GG.— PeriOBtituniniluicrea.-»e«l 
density of tbo sliaft in a pnticnt 
tijeA i"? feawk 

congenital form of ^yphilr-.. 



Fic. 367. — Pyphifitic periostitis 
anil osteitis in a patient ag«l 
-jewr-. tyosies 

wero affectJsL 


ill width by ne^\ bone deposited on the convexitv of the diaphyais (sabre 
tibia) (Fig. 3G6). 

Osteitis or Osteomyelitis. — In contradistinction to osteochondritis, the body 
of the shaft is primarily involved, and many patients give a history of previous 
trauma. Of all the hones, tlie tibia appears to be most often affected. The 
changes in the bones may be localisetl or diffuse. The radiological appearances 
are those of a process which causes a varying proportion of sclerosis with areas 
of destruction and sequestration. 

The localised lesions are frequently refen ed to as guiniiiata. They may be 
iwriosteal or central. ' • • 
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The difriise type causes an alteration m cancellous structure tlie trabecul'c 
become dense and irregular, tins cortical bone 19 thickened and the outline is 
uneven Even m the more diffuse lesion, a patchy distribution is evident 
Ihis 13 accentuated bj areas of raiefaction Sequestra are uncommon 

Subjieriosteal bone 
IS often deposited and 
the bone is increased 
in width (Fig 3G7) 
II the process involves 
i single bone where 
tw 0 are present — for 
example the tibia and 
fibula — some bouuig 
may be produced bj an 
increase in length of the 
affected bone 

ACQUIRED SYPHILIS 
OF BONE 
The incidence of 
skeletal changes 111 the 
acquired disease Ins 
not been investigated 
ns thoroughly as in 
the congenital form 
Periostitis may be 
found dunng the 
becondaiy period and 
other bone changes can 
appear within eighteen 
months of infection 
The bony manifests 
tions of acquired 
syphiUs are penostitis 
and oalftvtis 

Periostitis IS the 
commonest lesion m 
IiQ 308 — The Japtntrk t>|>eof]CiioiititHiotle«icquirP 1 acquired dtsea*^ 

disease Oti er I ones nhowe 1 «m lar leaions importance should 

be recognised not because an immediate diagnosis is often possible, but 
because it should direct the examiner to further mvestigation, from which a 
final diagnosis may be reached Periosteal thickening of the tibia and clavicle 
arc common, but the clinician is liable to gam i false impression of their relative 
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frequency as they are so easdy demonstrated 
hy lus examinotjon The }>enosteal reaction 
takes several forms The commonest type is a 
simple periosteal thickening it frequently 
involves a large part of the sliaft and may 
precede an osteitis A form nhicli has been 
described as lacc work is more rare when 
present it bears diagnostic features (Fig 30S) 
Rarelj bony spiculation is visible at ngbt 
angles to the shaft This feature is generalli 
associated with underlying bony disease of a 
gummatous tape The spicules of periosteal 
osteogenic sarcoma are usually longei and 
better formed they correspond with the site of 
a palpable tumour and decrease in size towank 
the margms of this tumour In the later stages 
or m the rapidly advancing grou-th some of 
the spicules towards the centre ate frequent!) 
absorbed giving an appearance of cuffing 
m the radiogram 
It IS advisable 
to exclude the pres 
ence of a vancose 
ulcer on the slm 
m an) patient ex 
Jiibiting a Jocali'sod 
periostitis 




Fid 369 — 0<<te t < m tert arj 
ypl Ju T1 e altemt on yv can 
eelloir* stn ci re s shonTi bent »n 
tho cb tal en I of the rad ua 


Fir 3 0 — SypJ 1 1 c o&tc tw 
may cause a fracture The 
patent was aged "8 years 
Clinically the condit on was 
mistaken for tuberculosis. 


Osteitis m the 
acquired form of 
the disease nia) lie 
diffiise or localised 
xnfi niFFusF 

jouMtliepredommant change is sclerosis of bone 
Tl c eortev IS increased in densit) and indth with 
patch) or diffiise sclerosis of the shaft In addition 
to the sclerosis of cancellous bone the trabecula 
tion IS irregular (Figs SCO and 370) Some rarefied 
or necrotic areas may be present Sequestra are 
small ox absent the) are frequently absorbed after 
formation Tlie mfiaramatoiy change fiequentl) 
extends to the end of the bone and caases artlintic 
symptoms 

Bones formed m membraue aro particularly 
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liable to syphilitic involvement J*ecrosLs is often the predominant feature 

Destruction of facial bones 



and invasion of the cranial 
vault arefrcquentlyfoUowed 
by secondary infection and 
the formation of sequestra 
In\olveroent of both tables 
of the skull may serve to 
differentiate thts condition 
from Paget a disease (Fig 
371) 

The localised LESIO^s 
OF croDiATA are often 
cortical (Fig 372) but may 
be central (Fig 373) Thev 
appear as hyperplastic pen 
osteal nodes vlnch are more 
or less localised TJie central 
gumma la usually associated 
A\ith a penplier.*! zone of 
condensation and subpen 
osteal bone formation The 
latter consolidates and causes 
a localised thickening of the 
shaft Both varieties tend 
to break doim m the centre 
ivithout the formation of 
sequestra The central 
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giinima tlien appears ah a conipanti\eIj lai^e rarefied area surrounded 
by sclerosis and localised penoatiUs 

Tlic term gummatous osteitis is fih:en lotte^Iyappbed ton diffuse and massiie 
osteitis of the shaft of a long bone 




■It. 373. — A central gumma Fig 374 — Slight {wnoititM and syphilitic o'?teiiis^th« latter 
nth ‘■oine periosteal reaction extending to the articular surface 


SYPHILIS OF JOINTS 

Congenital Disease — The radiological evammation Of joints in congenital 
syjibilis seldom contributes anj ueefiil information towards a diagnosis Tho 
joint may be involved m osteochondlntJS and m late 8}'p]^lbs^vlth liypertfophie 
or atrophic changes uhich are not diagnostic of the type of infection 
Clulton’s joints or bilateral symmetrical synovitis, are due to bursal or sjmovial 
involvement, and do not exhibit any cliaraetenstic radiographic appearances 
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A rare lesion in late congenital syphilis is » Charcot’s joint, the diagnosis of 
A\hicli IS described later 

Acquired Disease — Tlie joint lesions in the early stages of the acquired 



tic, 37S— AiUanre I o^leitiit viitii m 
volvement of the joint burfecee Hie 
radius appears to lia\e escaped 


disease also lack characteristic features 
Tlidre may be some -widening of the 
joint space due to hydrops but this is 
similar to the hydrops from any other 
cause In the tertiary stage, osteo 
myelitic or gummatous disease may 
extend to the end of the hone and cause 
joint changes (Figs 374 and 37o) 
Sometimes both bones of the joint are 
affected, but the disease is often local 
ised to one jomt surface The presence 
of multiple irregular areas of an osteo 
plastic type in the shaft uith discrete 
areas of subchondral erosion, and the 
absence of general osteoporosis and 
liaziness of bone should serve to differ 
entiate the disease from tuberculosis 
The clinical symptoms are in many 
eases similar to rheumatic disease, the 
differentiating radiological features of 
which are 

Bheumaioid Arthritis — Multiple joint 


ma olveinent rarefaction of bone, marginal and later extensive erosions 
early loss of cartilage subluxation 

Osteoarthritis — ^Neu bone formation m tlie form of osteophytes and loose 
fragments loss of caitihge 

Xon specific Inftciiie Ar0i7iUs — Single joint, loss of cartilage, dense 
sclerosis combuied with irregulanty of articular surfaces 

In addition all of these conditions ace confined to the neighbourhood of 
the jomt whereas the specific joint affection is due to a spread from pre 
existing disease of the shaft 


CHARCOT'S JOINT 

The Charcot s joint is an arthropathy due to a disease of the nervous system, 
w Inch causes a neurotrophic disturbance with loss of the sensation of pain It 
IS most commonly found in. adults suffering from tabes dorsalis or syruigo 
myeha Other rare causes are infantile tabes with congenital syphilis, para 
plegia, peripheral nerve lesions spma bifida, leprosy, and traumatic injuiy 
to the spinal cord An\ joint may be affected The most common sites 
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‘we the knee ankle and foot hip spme and shoulder m decreasmg otdci 
of frequency 

The joints of the lo^\er lirabs aie often affected in tabes A second iij 
pyogenic infection may occur especially in the foot from a penetratmg ulcer 
The mcidence of joint changes in this disease is greater in males than m female'! 
Usually at least two thirdsof thejiatientsare males The relative proportion is 
frequently higher than this but does not reach the figures for cord involvement 
which are approximately ten males to one female 

Of all patients suffering 
from syphilis approximately 
2^ jiei cent develop Chaicot s 
jomts In syrmgomyeha tlic 
proportion, is conaiderablv 
Ingher probably over 10 per 
cent In these patients tlie 
upper limbs are more fre 
quently involved The radio 
legist should not deviate from 
his diagnosis because the 
blood \V issermann is negative 
rills IS to bo expected m half 
tlio tabetic cases 

Two tyjies have been de 
hcribed the atrophic and hj per 
trophic joint The latter is 
more common 

Radiological Features 

Tho development of a 
Charcot B joint is usually pro 
gressive and msidious Occa 
sionally it is rapid especially 
after trauma of the joint In 
the X ray department more 
patients are seen with the fully developed conduion. than with earlj mam 
festations 

Eaelx Cases — ^The early features are exce^ of fluid in tho joint subluva 
tion sclerosis of articular surfaces and subchondral bone irregulantj of 
articular surfaces varying width of the joint space spontaneous fracture and 
multiple small sclerosed loose fragments of lU defined structure (Fig 376) 
In some jiatients the early clianges are of an atropine type winch may altei 
m later years to the hypertrophic form 

Developed Cases — In the atrophic type there is a loss of substance at the 



tir 3 8 — VC1» otajont ithsubi \atona da 
great increase n dens ty of tl c cn I of the thafte 
E ght years 1 tory of swell ng of the knot 
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articular sxirfaces wjtl) a redaction in tho size of the joint A feu &mall loo'^c 
fragments of calcified material are sometimes present The appearance may 
simidate a surgical excision of jnrt of the hones (Tig 377) 

In the hyptHropInc form the joint becomes disorganised There is gross 
irregularity of the articular surfaces due to dcstniction and new bone forma 
tion The latter may be m the form of osteophj tes or loo'.e fragment■^ aritbm 
or ^Nithout the jomt The contour 
of the joint JS both irregular and 
larger tlian normal The presenie 
of fluid lasitj of ligaments and 
destnictioa of articular surfaces 
leads to subluxation or dislocation 
The articular surf ices and excess 
bone are characterised by an in 
cieased density and the final result 
can seldom be mistahcn for ant 
other condition (Pig 378) 

Ritients who ha\e de\cloped i 
Charcot s joint often show eirly 
radiographic changes m other joints 
wluch are symptom free Early 
changes m the spme appear as an 
increase in density of the bodies 
with thinning and uregulanta of 
the disc spaces This dcn^itv may affect only the opposmg smfaces but 
It eientuaUy extends throughout the whole body which liecomes larger than 
normal b«ew bone formation takes place at an early stage and later there 
develop the s^irae characteristic features of destniction and excess of new bone 
There are no radiographic features by •winch a Charcot’s joint of sy nngo 
myelia may be distmguished from that of tabes As previously stated the 
distribution m syringomyeha is usually in the upper limbs ns the dissociated 
nn‘esthe«ia affects the«o “egmenfs (Pig J7^») 
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UNCO'MMOls INFLAMMATORY DI&LASLS 01 BONF 

BX 
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ECHINOCOCCUS (HYDATID) DISEASE OF BONE 
Hxdatid disease is decidedly uncornmon iii England as the skeleton is 
mvolved in onlj 1 per cent of all cases it will be realised that echinococcus of 
bone IS rare In a revieu of ‘’44 cases slioinng bone invoh enient Bauer found 
that the peine bones uero affected m 30 per cent the vertebrie m 17 per 
cent the humenis m 14 por cent the tibia in 12 per cent and the femur in 
10 per cent 

The radiographic, appearances will depend upon the presence or absence of 
compUcationa The disease usually begins in the cancellous bone osteoljsis 
IS predominant and slowly extends towards the cortex (Fig 380) The lesion in 
bone does not retain the cystic characters that are seen in the Iirer or lungs and 
tlic margins of the ostcoljtic area arc very irregular giving an impression of 
niultiloculation Wlien the cortex is insolved a slight periosteal reaction may 
lesult and pathological infractions occur At tins stage the radiographu 
apjiearance is that of a coarse crumpled honeycomb (Claessen) 

Secondary infection mil follow ulceration of the overlymg skin and 
sequestra may form occasionally the cyat walls may be seen to be calcified 
withm the bone 

Other than this coarse lioneycoinb appearance there are no character! tic 
radiographic features A differential diagnosis has to be made from osteogenic 
sarcoma giant cell tumour and fibro cystic disease in the long bones an 1 
from carcinomatous inetastases and tuberculous canes m the spme 

A finaldiagnosis will only be realised from biopsy or from the demonstratioi 
of echinococcus lesions in the lun^ or hver 

YAWS IN BONE 

In yaws approximately one fifth of all cases m the tertiary stage show 
skeletal lesions Maul after a thorough mvestigation m 1919 came to the 
conclusion that m early bone involvement certain changes oeeuired wbicli 
were peculiar to yaws J/au^ desenbed 

(i) Multiple osteolytic oval areas m the long bones especially m the radius 

ulna and tibia the long axes of these areas lay m the long axes of the bones 
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and measured 2-3 cm The areas were in cancelloiii 
and cortical l>one, and there uas practically no neigh- 
bouring jienosteal near bone formation (Fig 3S1) 

(u) Similar zones m the articular surface, especi 
olh uhere theisc surfaces were somGxrhRt exposed to trauma, eg m the 
femoral coiidvlc-s 

(ill) Somewhat uncommonly siipcrfiml cortical lesions uhicli provoked a 
considerahlo locik^ed nodular jieno^teal nevr bone formation 
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The lesponse to arsenical tlierapy in such Jesions is very rapid and complete 
healing occurs In the chronic stages the typical appearances described 
are lost and increasing new bone formation of an irregular type occurs so 
that a differentiation from sYphilitic osteoperiostitis is practically imiiossible 
The sabre tibia may therefore be seen m yaws as well as in tertiarj syphilis 
Lawjord h naggs is of the opinion that the earlier changes are not simulated bj 
an\ other b( ne lesion 


LEPROSY IN BONE 

Bone lesions in leprosy bear no constant relationship either to the degree 
or to the type of clinical involvement changes occur in both the cutaneous and 
m the nerve forms and are usually more marked m the latter 

The changes may usually be regarded as neurotrophic le secondary to the 
neive Jenions rather than as a direct leprous osteitis Bone changes of a mmor 
type may improve and regress with variations seen clinically in the soft parts 
Murdoch and Haller have made an extensive study of the skeleton in 
lepers They investigated 140 nnselected cases and found bone lesions m lOS 
cases (77 per cent ) Of these the majority show ed changes in the small bones 
of the hands and feet the long bones rarely presentmg any abnormality 
Leprous bone lesions are osteolytic unless complicated by a secondaiy 
pyococcal infection rarely in scaere degrees of cutaneous nodular mvolve 
ment underlying hones may show an appreciable periosteal reaction 
Murdoch and Halter classify the changes they observed thus 
(i) Locaused Bone Defects —These were especially seen m the terminal 
pluilanges In the subungual cancellous tufts small areas of bone destruction 
appeared as nicks slices and frayings The whole tuft may be 
destroyed lea\ ing the rest of the phalanx w ith a collar stud appearance 
(u) Gftoss Bone DerECTs — Regional atrophy followed by destructive 
osteitis and osteomyelitis were seen Sometimes marked cystic degeneration 
was noted [leprous osleztis midUplex ajsUca) 

(m) ARTimmc Changes — Tliese may be both atrophic and hypertrophic 
m character 

In cliildren the bone clianges were most marked at the age of epiphyseal 
fusion 

The radiographic differential diagnosis has to be made from the changes 
seen in syrmgomyeha tabes dorsalis angutis obliterans Boeck s sarcoid and 
tuberculous osteitis multiplex cystica 

MALTA (UNDULANT) FEVER 

Tliere are very few reports in the literature of radiological findings UJ 
skeletal in\ olv ement by the Brucella mehtensis 0 Donoghue has reported a 
case of acute septic arthritis due to this organism but no peculiar changes were 
noted Kulowshi and I xnhe suggest that if the spine was radiographed more 
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often in coses of Jlalti fe\er ■nhich have «everc back poin, then bone changes 
would be seen more frequently In their own case, marked destnictn e changes 
occurred at the inter articular facets m the lower lumbar spme , the radio 
grams aI«o showed a tj’pical increase in the psoas muscle shadow, due to the 
presence of a p-^oas abscess Ko changes were found m the vertebnl bodies 

ACTINOMYCOSIS OF BONE 

Skeletal actinomycosis usually occurs ns a result of an e'cteiision from 
neighbouring soft part actmoinjcotjcfoci , hence the sites nsnally affected are 
(i) The pebas and lurahir apinc from ileo caical foci 
(n) The nils and dorsal spine from pleiiro puliuonarj foci 



lio 39i — Actinotnj COSH of live niandiUo in rattle two spocunen® of luit py jaw ’ 
>ron» 'ituanon St Marj 4 lloipxUiJ Zonlon, bj In 4 ptn x^ayon cj Ur U I) Actecomb) 

(ill) The mandible from soft part mvohement m the mouth and cervical 
mph nodes 

Occasionally metastatic bone actinomjcosis occurs m situations far distant 
from the primarj focus, which n usually pulmonary such cases have been 
reported by Krodtus, and by Allenl/a^, Sarton, and Ztmmer 

In the commoner typo of bone involvement, the radiographic appearances 
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are tliose of a ragged irregular osteolytic process new bone formation is onh 
shgbt unless gross secondary infection supervenes In the lumpy jaiv of 
cattle however new bone formation may be very gross (Fig 382) 

Tbe differential diagnosis in the extension form has to be made from chrome 
osteomyelitis and from tuberculous caries There are no pathognomonic 
radiographic appearances and although the nature of the lesion may be sus 
pected the proof rests witli the demonstration of the fungus Tabh and 
Tucker have made a special study of vertebral actinomycosis and state that 
the lesion usually mvol\es t'wo or more vertebrae that there is no predilection 
for the bodies but that x>edicles and lammae are equally affected that col 
lapse and disc destruction do not occur that sequestration is seldom observed 
but abscess formation is usual and that the osteolytic areas are sharply 
defined with normal hone mtervenmg 

Rarely a mandibular focus may be primary the entrance of the fungus 
bemg made through the root canals of carious teeth When such a focus is 
noted differential diagnosis from neoplastic and cystic lesions and from simple 
infective apical granulomata will have to be considered 

BLASTOMYCOSIS AND COCCIDIOIDAL GRANULOMA OF BONE 
Blastomycosis may m^olve the skeleton m systemic blastomycosis or 
rarely as a result of direct spread from cutaneous lesions of tbe forearm and 
hand In the direct spread form the radiographic appearance W7ll be that of 
slight bone destruction ^^^th neighbouring sclerosis In systemic blasto 
mycosis the lesions usually occur m cancellous bone bone destruction 
predommates with abscess capitation new bone formation is shght 

The lesions are usually multiple and appear to have a predilection for bony 
pronunences e g the malleoli the tibial tuberosities Joint involvement is 
usuallylate Ihe -vertebra may be affected and destruction extends through 
out all vertebral components and to adjacent ribs 

In the tubular bones of the hands and feet penosttfcl reaction may be 
promment and the dactyhtis closely resembles that due to either tuberculosa 
or syphilis 

Rypins has reviewed the literature and has reported three cases m detail 
and Carter has made an extensive radiological study of the fungus infections 
of the skeleton Carter concludes that the mycotic lesions resemble each other 
more closely than they resemble tuberculous sy^Jhilitic or chronic osteomyebtic 
lesions but that the mycoses in bone have few pathognomonic features In 
regions where the mycoses are endemic the following features should suggest 
that a pathological fungus is responsible 

(i) Multiple lesions (ii) cancellous bone selection (ui) mvasive character 
(iv) punched out foci m the calvanum (v) vertebral mvolveraent without hmi 
tation to the bodies and (n) mvolvement of the thoracic parietes from withm 
the thorax 
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SPOROTRICHOSIS 

Sporotrichosis m bones is verj rare, but does occm m the hands and feet as 
a result of direct spread from cutaneous Ie«ions Isolated cases hare been 
reported m which sporotrichosis metastasised to bone A striking example of 
this rare type has been published hy AKx/iul 

The radiographic appearances are those of a chronic infective osteoperi 
ostitis, with bone destruction, new bone formation, and sequestration The 
apjiearanees maj be ler} «iimdar to those seen m a secondary’ infected 
bone tuberculosis 

MYCETOMA PEDIS (MADURA FOOT) 

The responsible organism m ifadum Foot is a mycetoma fimgus resembling 
actinomjces, but found onl^ in tropica) zones Benassi and Ftascht found the 
radiographic changes to be tho^e of osteoperiostitis, with predommatmg new 
bone formation There were no characteristic features 
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\CUaK AND CHRONIC ARTHRITIS 
BV 

E Roha> I\iLUiAis MD PRCP Tl R D’^IRE 
ACUTE ARTHRITIS 

Acutf AKTimiiis ina^ be eithei nonsuppurative oi sinpuritive 

Non suppurative Acute Arthritis may occur as a result of tiauou to i joint 
nnd during the c( urso of acute rheumatic fever and certain acut e s pecifi 
feveis Tie radiographic apjcaraiices of an affected joint are not stiiSThg ’ 
those seen m act fe rl ei w alic artfinfis maj be cons lered as tyj ical of the groi j 
The departuies fiom normal findings are 



Fig 383 — Subac ite gonococcal arthr tis of the knee joint Note the eubcort al translucen 
zone and inad^ loss of bone Icta I 
4of 
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(i) Slight increase m joint space (u) slight lack q£ sharpness m bone detail 
owing to (ui) RjTional effusion and pen articular snclhng There is httlo or 
no desturbance of calcium distribution except as a result of disuse osteoporosis. 
Tlie articular cartilage is not destrosed and thus no underlying bone changes 
occur Thereco%erj judged bj radiographic observation is iisualU complete 
although contractures mar occur m the pen articular tissues 

Suppurati\e Acute Arthritis — ^This maj result from the infection of a 



Fro 3S-I.— teulo pne moco«»l art! r Us of tbo ngf 1 h p jo nt secondarv to a pneumococcoJ 
empyema \o(e tj o logs of iomt space «n<l el ght bone on at the articolkr rnarpms 

joint by the staph\ lococcus streptococcus gonococcus and pneumococcus 
and may occur during the course of certain specific fevers 

The Taihographic changes depend not so much on the ta pe of tlie organism 
n't on Its virulence and on the resistance offered b^ the subject 

The changes ill be the least when the effusion is serous more m irkerl if 
‘jcropurulcnt and gross if purulent 

RAniooBATJHC Atpeakances — ^The earlier changes arc not striking and 
hence mav easilj be OTCrJookcd They are 
(i) Increase in joint apace 
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(ii) Osteoporosis in the neighbouring bones tJiis may be very marked 

(m)'”Lo‘5Sofbon^etail , tlnsisespecially apparent in tbe^barticularareis 

Sometimes the articular cortex appears to be relatively dense, though pool 
in detail , but m a Imear zone beneath the cortex, osteoporosis and loss of 
detail may be very marked Tins subcortical translucent zone is especialli 
striking in certain cases of gonococcal arthritis before anj actual cartilage 

destruction has occurred . 



this appearance, hovever 
cannot be considered a« 
peculiar to a gonococcal 
infection (Fig 383) 

^VTien cartilage destruc 
lion has taken place, the 
ladiographic features are 
mote striking The foUov. 
mg changes will be noted 
(i) Beduction of joint 
space, which «iU be most 
marked at opposmg joint 
surfaces especially when 
these are responsible for 
pressure transference (Fig 
384) 

(n) Margi nal bone cle 
struction, agam most ap 
parent vliere cartilage loss 
IS severe (Fig 385) 

(ui) Massive necrosis 
M ith. sequestralion" This 
may be seen when femoral 
head separation occure ui 
acute arthritis of the hip 


Fic 38o — Acute arthntt* of the htp joint due to a 
atreptacaccal in&cUoit 


jomt 

Pathological disloca 
tion complete or mcom 


plete maj occur before or after cartilage destruction 

In the recoverj phases calcium distribution returns to normal except at 
the actual eroded margms, which show an irregular sclerosis or undergo bonv 


ankylosis with opposing surfaces (Fig 386) 


CHRONIC ARTHRITIS 

It is not proposed m this section to enter mto a profound study of the 
perplexmg problems of the retioJogj and pathology of the chronic arthritides 
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Fio 38G — Fn I result of aa old biUUral gonococoat artluitis n\ ol mg rrut an I carpal jo nts 
Tith ank\k>s » 


It IS intended that the general conclusions reported by the Arthritis Committee 
of the British Jledical Association in 1933 be accepted for the most part and 
thit concentration m this section will be devoted to radiological description 
of the findings m chronic arthritic diseases 

Classification — The B 11 A Artliritis Committee adopted the followmg 
classification 


RiibU 3 tATOiD AnniRras f^ironic Polj arthritis 

, • Atrophic Arthritis 

Synonjmous p„,l,fent.ve Artbnte 

ChROVIC VtLLOtJS ARTHBms 


OSTEO ARTiroiTlS 
Synonymous with 

SPOM>YLmS 

(а) Osteo arthntica 

(б) Ankylopoietiea 
Tins classification anil be 
especial consideration 


Hyiiertrophic Arthritis 
I>egeiiCTativo Arthritis 
Osteo arthrosis 


adhered to m tins section 


Spondylitis receives 
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Rketjmatoid Arthbitis 

General Observations — Die most suitable term in rad ological descnptivi 
v\ ntmg is atrophic the term proliferative used vndely m Amenea i< 
fully justified on morbid anatomical grounds but if u'^ed m ndiology tends tc 
cause confusion \nth the hjpertrophic changes of osteo arthritis 

The BAX A Arthritis Committee recognised (i) Primary Pheumatod 
Arthrilis and In) Secondary Shevmatoid Arthritis The primary group as its 
name imphes is that m vrhieb no cause can be found for the arthritis the 
secondary group is that m which a focal or general infection is held responsible 

Clinical Features 

pRUtARV Type — A\omen are affected almost exclusively theagemcidence 
IS from 20 to 45 v ears Prodromal svmptoms of peripheral wastmg and vaso 
motor disturbances are not uncommon The onset maj be acuts or 
subacute and the arthritis usually begins in the small joints of tbe bands 
about winch there is a characteristic fusiform swellmg associated with marked 
muscular wasting As the condition advances contractures and deformities 
result and fibrous and bonv ankvlosis maj occur General health is adversely 
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affected, and nn'emm ma^ lie prominent Tiie disease takes a ver_) chronic 
courw;, and remission and exaccrlwtion jienod* am common 

The ictiologj 13 quite unct rtam The definition of this group is such that 
no known wiidic focus can he Iicld rc&|MmsiWe the autonomic nervous dis 
turbanecs at least suggest that i-nmc endocrine unbalance ma\ be present 
Slcondauy T^rr — Males and females arc affected m equal mimlicrs 
most cases show an onset between iO and 40 jears, but children and eldcrU 
subjects moA be afflctcd The oii'^;! mav !« n«eocjated with an acute febrile 



tfo 3SS — Tbo hip JO nIK m St II H I ■a-a-rf* q i '.«x nt phttte Niine oa.'W hip 3S7 

iIInc'^iclo^K rc^^mblmg acute rheumatic fever orinaj be suliacule and show- 
ing a localisation of signs to tli" joints The condition in clnklren is known as 
Sfi/1 s disease (1 igs 187 and 388) 

In lioth forms there is a poUarticulnr and UbUall^ symmetrical joint 
involvement , iho more peripheral joints arc most coinmonlv affteted, 
but the ankles knees ellxjws, wnsts, and spinal jouits nro bv no means 
exempt 

Tlic course will depend on the trestment directed at the responsible 
septicfocus Ifthis IS adequate complete reco\er\ mii\ result , ifmadequitt 
then the sulncutc process will become chrome witli occasional intermissions 
Vasomotor di'lnrlianccs Rccondary ontemts, and mvocardial degeneration nit. 
occasional nccomjMinracntH 
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Radiographic Appearances 

T}ie pnmarj and secondary types of rheumatoid arthritis both sho\i 
simiJar radiographic changes and thus a general description of both tjpes will 
be given wthout differentiation 

Scoit has pomted out the importance of a standardisation of technique 
all too commonly radiography in chronic arthritis is haphazard and 
consequently radiological diagnosis is inaccurate and early changes are 
frequently overlooked 



Fi 389 Actnc rheumatoid aiilintts of hands earlystage 
Eajvia Stage — ^In the earlier stages of rheumatoid arthritis the following 
changes ■will be noted 

(i) Osteoporosis this is both generaltsed affecting the whole skeleton 
and localised m the bones m the vicimtj of the affected joints Scott describes 
an alteration of the bone density balance m which a bone wall show an 
almost uniform density m heu of the normal variations of density m (®) the 
cortex (6) the shaft cancellous bone (c) the cancellous bone of the extremities 
(n) Slight increase in joint space followed by loss of joint space as the 
cartilage is destroyed 

(ill) Fusiform soft part swellu^ about the joints (Fig 389) 

Late Stage — ^The osteoporosis and loss of jomt space will become more 
marked and in the later stages the following changes are seen 
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(i) Extreme osteoporosis 

(u) Subluxation and full dislocation of joints mav occur 
(lu) Jomt space loss xs complete and bony anl^ylosis mil follow When 
the disease becomes qmescent the bone densita balance returns towards 
the normal the osteoporosis generallv is less apparent but deformities remam 
In the hands so commonlv involved a characteristic appearance will 
lie appreciated 



Fio JJO Acirtp rhemnntoi I arlhnlw of l»an } nd uncoil Note tha motacEirpo phatangeat 
« bluxet 073S sail tha ulnar <le>'iat on of tha £ngars 

(j) The iuetacarpophalang'»al jomts proximal mterphalangeal joints and 
the opposmg articular surfaces of the scaplioid and radius are especially 
affected 

(u) An ulinr deviation of the fingeis at the metacarpophalangeal jomts is 
cliaractenstie resulting from soft part contractures and from medial sublusa 
tion of the proMinal phalanges on the metacarpal beads (Figs 390 and 301) 

CHRONIC VILLOUS ARTHRITIS 

Chronic viUoU'. artlintis occurs m women at the climacteric and is often 
associated u ith a marked increase in weight !No pathological bone changes 
ate seen m n radiogram unless the condition is of long standing when simple 
o«!teo arthritic chances will tisualh bo appreciated 
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OSTEO-ARTHRITIS 

Osteo arthritis is the term apphed to that disease, or group of diseases 
characterised by degenerate e changes in the articular cartilages, followed 
by hypertrophic neu bone formation Broadly speakmg osteo arthritis may 
be regarded as primary wlien there is no outstandmg setiological association, 
ind secondary -ttlieii a joint has been subjected to a severe single injury oi to 



mmor repeatedmjunes to abnormal stress and strain or has been the site of 
some inflammatory or deformu^ process 

Usmg this terminology, primary osteo arthritis maybe regarded as a disea*^ 
of subjects of late middle age or of advanced yeais the general health is 
usually good althou^i other degenerative changes e g arteno sclerosis, may 
be present 

The larger joints are most commonly affected, but no jomt is exempt 
The clinical onset is sIom and the early coraplamts are those o f stiffness and 
^huig pain mil be complained of -nhen cartilage destruction is appreciable 
The ^greeof clinical seventy cannot be ju^edfeom the degree of hypertrophic 

new bone formation 

Radiographic Appearances — It should be realised that in different cases 
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tl\c \arious clianges enumerated beIoT\ \ary considerablj i e m a g ^en 
case cartilage destniction raaj be severe whilst nea bone formation niaj be 
slight The converse may also hold 

EiBLiEB CnABOr^' — (i) The articular marginal angles become slmrpcr 
ind more acute than normal spur formation and lipping results from nen 
bone formation opposmg spurs lend to approach one another (Fjg 39’) 
(ii) T1 e jomt space becomes narrower than noimallj ow mg to the desfnic 
tion of articular cartilage 

(ill) Sclerosis of the aiticular margins tal es place 

(n) Small translucent zones will be seen in the bone beneath the articuhr 
maigins these may be rounded and due to degenerative pseudo cyst 
formation or somewhat irregular resulting fioni fibrous tissue replacement of 
1 one (Fig 393) 

Lateii Changes — (\) Increasing spur formation (Fig 394) 

(ii) 3Iarl ed cartilage destruction 

(m) Increasing sclerosis of the articular niargmswitha loss of their normal 
curies this is especially marked at pressure points The sclerosis mai 
e\tend through moderately wide areas m the neighbourhood of a joint 

(iv) Tendency to subluxation 

(v) Separation of osteophytic spurs to form fringe osteophytes or loose 
bodies within the joint 

OSTEO*ARTHRITIS IN CERTAIN JOINTS 
Hip Joint (Morbus Coxae Senilis) — The pseudo cystic areas are often well 
seen in the roof of the acetabulum w hich may also become intensely sclerosed 
New bone formation is often prominent and is seen chiefly at (i) the outer 
supeiior margin of tlie acetabulum which may oaerhang the femoral head 
or at (ii) the lower part of the acetabular floor when thi« is gross the femora! 
head will be pushed iqiwards and outwards (Fig 39o) 

Occasionally osteo artlmtic prolruaion of the acetabulum may be seen 
The acetabular cavity deepens and tlie femoral head becomes en\ eloped 
cartilage erosion adds to the depth of the sod et Eventually the mner wall 
of the acetabulum may bulge mto the true pelvic caanty (big 396) This 
deformity was first described by Otto and has been fully studied by I aleniin 
and Midler It maa occur in conditions other than osteo artliritis 

Shoulder Joint — In contrast to the radiograpliic appearances of osteo 
arthritis of the hip the same d seose m the shoulder only \ reduces slight 
departures from normal New bone formation is minimal maiginal sclerosis 
of the glenoid rim is usually the only gross change (Fig dO") The acroinio 
claMcular joint often shows mote typical changes when the shoulder 
joint elmieally uiwhcd shows little or no radiographic pathology 

Inteiphalangeal Joints of the Hands — ^Apart from primary cases Scoll 
has shown that osteO artliritis of the hands is frequently observed m manna 
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workers m certim trades and that different occu{Jations show different 
interphaHiigenl joint distributions s 

The terminal and middie interph Uan^al joints are usuallj affected 
m contrast to the osteoporosis of rheumatoid arthritis tbeie ig no appreciable 
alteration of calcium content nor of the bone density balance Tollowing 
cartilige destruction subluTafion is especially liable to occur (Fig 398) 
Tliree t^T>es of bone change nia\ be seen to account for the marked localived 
swelling about the affected joints Tlie^e are 



(i) Mnrp piotnidmg osUopht/lic spurs the new lK>nefonn«tioni!>distmct 
from the ongmal articular niargm 

(ii) Prominent splaving out of the bases of the phalanges the fal=e spur* 
being continuous wath the original margin (Hfb^rdens node) 

(m) Smaff Pen articular Ossicles these are dissociated from spur forma 
tion and are usually smooth and rounded thc-i he opposite the jomt level 
Clinical Significance of Radiographic Changes — ^The degree of cartilage 
ero ion is mucli more significant than the degree of neir bone formation 
Extreme hypertrophic bone changes are often discovered incidentally m a 
radiographic evammation without anj dimcal complamt which can he 
attributed to the osteo arthnti* It is the dutv of the radiologist to note suclw 
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changes but he is seldom justified in assuming that spur formation -uill alone 
accoimt for the clinical findings In short advanced hypertrophic changes 
must not preclude a careful search for otlier jiathological changes of more 
senous significance 


CHRONIC SPONDYLITIS 


Chronic arthritis of the vertebral column may be classified m the 
following manner 

(i) Rheutxaloul Spondylitis — spinal involvement m rheumatoid arthritis 



(u) Chronic Infechie 
S])ond jhtis usualH the 
chronic stages of an 
acute infection of the 
vertebral column 
(m) ♦Spondylitis 
Osteo artkntica 

(iv) Spend jhtis An 
hylopoietica 

In the first 
types the vertehial 
changes do not differ 
from artliritio processes 
m other jomts of the 
same origin 

Spondylitis Osteo 
arthritica m no naj 
differs from osteo ar 
thntis in other joints 
it must be remembered 
that the disease mav 
affect the small joints 
between the articulai 
processes as well as the 
body margins Hyper 
trophic spur forma 
tion is sometimes verv 
gross and opposing 


spurs may meet but never actually fuse (Fig 399) 

Secondary osteo arthritic spondylitis is frequently seen m a localised 
form m association witli (i) curvature deformities of the spine (n) old com 
pression body injuries (m) healed tuberculous canes osteochondritis nucleus 
pulposus prolapse 

Spondylitis Ankylopoietica — ^There is very little conformity o*^ opinion as 



ACUTE ANI> CHRONIC ARTHRITIS 


471 


to the significajit fictors in the production of anl jlosing sx>ond\litis The 
B M-A Arthritis Committee critiei‘aes the separation of ankylosing spondjhtis 
mto the two forms — 


(i) Spondjlose heredo tmimati 
the French tmters as bemg im 
tenable on letiological and chnicpl 
grounds J^eTorthele's althoug!i 
the«e titles may gne a fal«e im 
Xnrc'sion there is no doubt that the 
consideration of at least two forms 
of ankylosing spondvhtia is fullj 
justified bt commonplace radio 
logical obsenation and bj such 
careful morbid anatomical ob«erva 
tions as tho«e of Laujard Knagga 
The descriptions guen bj Voric 
and SirvmjpeU and b'v SecJtereu 
are still acceptable although the 
quasi ■etiological titles of the tno 
forms may not be 
Kuoggs recognises 
(i) SpondyUlift 0*sijrcana Liga 
inenlosa (the llane StmmjieH type 
spondvlose rhizo mehque) 

(n) Spondyhlia J/i«e«/<tns (the 
Bechterewtjqie sjiondyloee heretic 
traumatique) 

SpoNDiUTis Ossmeovs Liga 
aiESTO&A — ^This condition, affects 
voung male subjects almc»t c\ 
clusivclj It IS proiiablv rather of 
an mflammaton tlian of a degener 
ative nature a feu ca«es fia\e 


(u) Spondylose rhizo mehque — of 



Jieen reported uhich uere almost 
certainh of gonococcal origin 
Tlie most important feature l^ 
ligamentous ossification the an 


l-je 4 Spon ]>) I isnkjlopo ct ra bamboo 
pile R |K3 ijitrfos. rcftiwligsmentota Note 
ttw sftero I ac oW temt on ai 1 the prc?ervat o i 
ot the inten ertebral tl •-« space 


tenor common hgameut is most frequratl^ affected in the earl} stages but 


as the disease advances the posterior common ligaments hgaroenta subfiava 


the capsular ligaments the costovertebral ligaments and the mtersi mou® 
ligaments are all maoUetl In certam cases m aihidi the vertebr'c shou the«e 


changes the larger provtmal limb jomt&^hnu an ankylosing arthntis in a\ Inch 
the anka losiHs a direct bone fusion and not a ligamentous ossification 
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The sacro iliac joints are almost mvanablj affected m the earhe&t staf^es 
Radiographic Appearances — The proce«s usually begins m the sacro 
iliac jomts and lower lumbar spine moderate osteoporosis is seen, followed 
bj a slow obliteration of the sacro iliac jomt space by new bone , m lateral 
views of the lower lumbar \ertebraj 
the anterior common ligament shows 
some bone deposition bndgmg the 
gap antenorlj across the disc space 
ns the condition admnces the whole 
gap between the bodj margms is 
covered bj ligamentous ossification 
but the disc itself is not encroached 
upon (Fig 400) 

Tlie process usoalJv advances in 
a caudocranial direction and eventu 
ally manj verttbr® w ill be coropletelv 
env eloped in ossified ligaments m an 
antero postcnor vnevi the descnption 
of bamboo spme is very apt 
The osteoporosis vnll be less obnou'! 
as the anhylosis mcreases 

It IS interc'sting to note that 
certain authors {OppR Hall) regard 
nnkj losing spondylitis of this tyjie as 
a possible manifestation of para 
thyioidism the removal of calcium 
from the bones and its deposition in 
the hgamentB, together vnth clinical 
improvement and arrest of the 
disease after parathvroidcctomv 
lends support to this view Certam 
cases show an mcrease of serum 
calcmm content 

Fi 401 Doisal k>-pho I nanHdcrIjsut SPONDVUTIS MlSCUIiAPIS — T1iL“ 

jpct thf disc atrophy h pronounced tht. form IS usually found in elderly sub 
upi>er xertebra show .arly ankjlosi of tie ^jje Upper dOFSal and lowcf 

t\|je see 1 in sponhlts musculan »i I the * , ^ 

to er xertebrac show the commoner o teo cervical spinC 

arthr tic cl angts Knaggt believes that a muscular 

atony is primarily responsible , this 
leads to a secondarv disc atrophy, which is the most important radiographic 
feature the disc space narrows cspecnally antenorly, and the body margins 
impinge upon one another and eventually fuse directly {Fig ^01) Slight 
ligamentous o'lsification may be present but it is not the essential feature 
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111 niO'st ca«es, the bocl\ fusion is restricted to the anterior regions, but in long 
«tanding cases, the fusion maj be complete betireen the bodies 
Joints elsenhere in the l^dv are not affected 
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SECTION M 

OSTEOCHONDRIXIS 

BY 

E Rohan A\ illiams AID FRCP FFR DAIRE 

CHAPTER XXN.ni 
INTRODUCTION 

I 

Before the advent of radiologj several observers had noted that patio 
logical conditions bearing a aupcrficia] resemblance to tuberculous lesion-^ere 
not uncommon in epiphyseal zones m children the clinical course v,a4 niuch 
milder and the prognosis better tlian in the tuberculous picesses 

Radiological studies have proved an ideal method df mvestigatmg the 
hvmg pathology m this group of non tuberculous necroses of growing bone 

OSTFOCHON'PP ITl S 

Prijiabv Centres Second^v Cfvtbes 
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OsCalc ? lSe%er 191'’) 
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i'lUmerous oti^rvers Inre described sncli cases affecting different amtomical 
zones nnfortnuatclv it becnrae customarr to speak of the condition m each 
zone b\ the name of the original ob«crver Tins form of nomenchture has 
the disadrantage that it gii es no mfonuatiOR ns to the iinderhmg pathological 
process further it has mnrkeil for mam jears the do e relationship of the 
le lonsmthedifferentaffectedanatomicnlsitea Theaccouipan}mgtal}le(p 474) 
diows the different areas m ailuch the le-^ion has been noted together inth the 
name of the ongmal author and the year of the observation report 

During the last feu a ears there has been a strong movement on the jiart of 
such authoritative writers as^xfioiwen Harbin and Bmilsford to group the«e 
conditions together as representing a similar pathological process m different 
zones d.ar7iau«en. lues the term necrosis of epiphases. and short hones 
Harbin calls the condition osteochondritis of the growth centres and 
BraiUford used the simplest term osteochondritis 

In this section it is pro|>osed to accept the name osteochondritis a 
justifiable criticism of the term is that it an<»gests an inflammaton lesion which 
IS vera unhkeU osteochondritis is wideU accepted m England and until 
onr knowledge of the tetiolog^v and pathology is more complete it is felt that 
no better term can be put forwartl 

Osteochondritis most oommonlv occurs in juvenile subjects however in 
eertam bones in adults changes sometimes occur which very eloi>elt resemble 
those seen m the juvenile ca'^s It is not proposed m thi>. section to give an 
account of osteochondritis in adult bones in w Inch tlie assoertion of trauma is 
so close that it has been considered wiser to consider these as evamples of 
jKist traumatic raalacia and thei are consequently dealt with m the section 
on injuries of bones and jomts 

Tlie adult bones which may lie affected m this form of o&teochondntw 
are the carjial scaphoid (Pms^r) semilunar (A ieni<t>ci) vertebral body{Aww 
mel) tarsal scaphoid {Brat(sford) neural arch of the fifth lumbar vertebra in 
spondjiolisthesis {Braih/ord) ami the great toe sc'iamoida (Renan hr) 

Juvenile osteochondritis may occur m primary osaific centres (e g m the 
tar«al scaphoid) oriiisccondan ossific centres (c g m the calcaneal epipln sis) 

/ETIOLOGY 

There is no general agreement concerning the vtiologv of osteocboiulritis 
Several theories have been postulated no single one being adequate m explana 
lion It 13 probabK true to state that m different cases one or more of the 
foil jwuig factor'' maa be responsible 

( 1 ) Growth disturbance 

(2) Infection 

(3) Embolic tascular Occlusion 

y ^ . rL ascular Occlusion 

(4) 
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Brailsford ^e^^e^^s the various theones m great detail and believes that 
trauma is of paramount importance but admits that this alone uill not account 
for tlie lesion m all cases trauma alone obviouslj cannot be held responsible 
m cases which show multiple osteochondntic foci examples of u Inch have been 
reported by Martin and Moeller and by Pickett and Harbin (It should be 
mentioned that m hen multiple lesions are noted in. an indu idual case there is 
a tendency to classify such a case as a form of d^'schondroplasia ) * 

MORBID ANATOMY 

In a disease the course of which is limited at the cessation of growth 
biojisy is seldom justified hence there has always been a paucity of material 
for pathological stud^ 

ZtmansLy m 1Q28 after an eictensi\e studj of the literature and of original 
material in osteochondritis of the femoral head described the usual changes 
thu'i (i) extensile subchondral necrosis of the bone and marrow (constant) / 
(u) partial or complete destruction of the epiphyseal line (inconstant) (ni) 
fragments of dead bone surrounded by richly vasculansed connectiie tissue 
(i\) fibrous tissue replacement of necrotic areas with osteoid formation from 
fibrous tissue and pre existing lamellae Zemanshj believes that the process 
■follows a traumaUc tascular occlusion of the femoral head epiphisis anl 
suggests that these changes are those of infarction and its sequelae 

The fundamental change is that of aseptic necrosis of a growing epiphysis 
or short bone absorption of the necrotic tissue eventual replacement by normal 
bone Destruction of articular cartilage appears to be the exception rather 
than the rule but it seems reasonable to suggest that this will occur m un 
treated cases The greater the cartilage destnietion the more marked wall 
bo the clmical signs and the greater the babihtj to resultant deformitj and 
e\entual osteo arthritis 

One other description of the pathological piocess desen es serious considera 
tion m juaenile osteochondritis although it will not be applicable in the 
adult bone lesions Tins description is tliat the jirimarj change is one of 
growth disturbance w ith multiple infarctions m the affected area leading to 
epiphyseal collapse 

General Clinical leatures 

The clinical signs and symptoms "vary considerably ui different situations 
m different patients It is not an uncommon experience to find typical radio 
graphic appearances of osteochondritis at a site presenting no clinical signt^ 
further m certain cases with bilateral ms oh ement of similar anatomical zones 
clinical manifestations may be unilateral 

IVhatever may be the role of trauma in the onset of the disease there i« 
no doubt that once osteochondntis is estabbslied the degree of clmical seventy 
will be greatly influenced by the stress and stram that may be borne bi the 
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afTected zone * a g mvolTTMnent of thelemoral liead is likely to he clinically 
more significant than ostcocliondritL** m the jliic crest epiphjscs 

JiadioJogfcal Observation tn 0*t€O(io»driiis 

Wheiie\er jxi'isible, tlie cowhs of an osteocliondntic lesion should be fol- 
lowed by regular controlled radiographic studies When a case is first seen, 
the teclmical factors emploj ed should be noted, and these should lie repeated at 
consequent exammationa if a case la fallowed aver a long period, slight allow - 
anees niaj have to be made for increases m stature 

If an osteocliotulntic lesion is suspected, the same zone on tlie opposite side 
of the bodj should nin aj s be radiographed aKo , further, m certain cases it 
may be desirable to extend the investigation m order to recogm>o such con 
ditions as that form of dyschondroplasm described by Jtlorquio and Braihford 

OSTEOCHONDRITIS IN DIFFERENT ZONES 
The commonest sites in which osteochondritis occurs are the femoral head 
cpiphj’ses the vertebral epiphyseal plates, the tar^l scaphoid, the second 
metatarsal head, and the tibial tubercle The two first-mentioned sites are 
probably those in w Inch the di’^ease has the greatest significance, and m which 
correct diagnosis in the early stages u, of paramount iniportonce in order to 
institute adequate early treatment it is only by earher and more prolonged 
treatment than is customary that the end results of osteochondntis of the spine 
and hip can be improved , 

OSTEOCHONDRITIS OF THE VERTEBRAL EPIPHYSEAL PLATES 
Syiwnyma — Scheuennann 6 di^scase ju\emle kvpKo'^is, kypho',!!, o-»teo 
chondropatlua, vertebral osteochondntis vertebral epiphy'&itis, kJ^)hosl^ 
dorsalis ndolescentmm, kyjihosis dorsalis jinemhs (Osteochondritis may 
also affect the primary \ ertebral body ossific centres, a condition fir-t described 
by Cahe the resultant deformities in this form may be eeiere , it is a rare 
type, uhereas the secondare centre tyjie la relatively common ) 

Clinical Features — Certain ca'vs of dorsal kyqihosis in children are due to 
Oiteocliondntis , the onset is munlly at tlic age of puberty, and both sexes 
may be aficcteil Tlie peak incidence age in Scheufnnanti^s senes of over 200 
casis itas from I3to IGyeats PamisusuaUypresent,nndisassociatctlwitha 
characten«tic sen««tion of '* tiredncos m the back ” Long mamtenance of the 
(^ect posture aggnvxates the ]iam, which is relieved on lying Tlie musculature 
of the back ts not affected until an advanced stage has been reached 

Normal Development. — Tlie plate epiphysos firit ©“csify between the eighth 
and thirteenth y ear? , the plates are best «een in the low cr dorsal region, and 
are almost always demonstrable between 13 and 18 year* in lateral anows, 
they are seen to he pamllel to the upper and lower raaigina of the Ixidies ; 



THE BONES AND JOINTS AND SOFT TISSUES 


anteriorlj the plate is thicker and corresponds to the small anterior step in 
the body itself The ossification should be sracoth and regidar 

Radiographic Appearances — ScJievermann lias described the appearances in 
great detail The zone of the tenth to eleventh dorsal vertebras is tliat most 
eommonh affected There is seen disorrlered o aification, so that the deepest 

_ part of the plate is not 



apparent the i ertehral 
l)od% beconung’ssedged.the 
thickest part of the plate 
maj be drsplaced inwards 
or backwards and irregu 
larities occur m the plate 
proper and m the apposing 
body surface tbe Ixidj is 
plastic and do\ elops further 
wedging (Fig 402) The 
soquelte in sescrer cases 
are tho«e of hvx>ertrophie 
spur dey elopnient, and a 
lyqHcol spondylitis osteo 
artlirilua may mask the 
initial dLseaso process 
T\ pical Schmorl s nodes 
may be noted from pro 
lapse and hermation of the 
nucleus palposus of the 
disc Certain cases of 
juyenile kyphosi-s may be 
due to tins prolapse alone 
wathout an osteochondritis 
being present Tlierc does 
not seem to be much jus*i 


Fir 40J — O leocl ondnti^ of ^e^teb^s] epphjseal platf-j fication for the COntrOS ^rsy 
in the loTkmloisal '■pmc si jJit changes of SchtUfTinUnii's \I“W‘' 


versus bchmorls views 

both are correct in different subjects and both play an important role in 
juvenile ky’phoceis 

The radiographic appearance of established yertebral osteochondritis b 
so typical that there is no problem of differential diagnosis from other 
pathological processes the difficulty lies m deciding whether the appearances 
m a suspected early case are within normal limits or whether definite patho 
logy Ls present 


\ 
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OSTEOCHONDRITIS OF THE FEMORAL HEAD EPIPHYSIS 


Stjnonyms — ^Ptrthes Lcggs CaU C *> D i'seiee o'sUochomlnti'? cox'ojmeiuli'i 
f ‘^te<^cllOmlrl^^s deibrmnns iwndo wKalgia 

Clmical Features — Osteocliondnljs of the femoral head ib much commoner 
HI Ijojs than in ^irU tj e a^o hmitj. of the condition ore 3 and U >cars iho 


peak incidence age ii 
from GtoSjeirs Ixitb 
femora! IieatLs ina\ Ixi 
involved 

riie cardinal bvmp 
tom m mo'll is 

t!iat of a limp pain is 
trec|Ucnt but rarics 
considerably in ec 
verity n hislorv of 
tramm is /re/^we«tJv 
obtained On examine 
tion 1)1 the earliest 
htoj,es it IS found that 
the position n't?! mod 
by tlio limb is* that 
I f Bhe,lit adduction and 
flexion ftbdnction and 
internal uitation ma\ 
bo limited slight nni« 
cular mstiiig nnv lie 
prc'icnt but tnie 
shortening is n it de 
tetted 

If the di-^ase re 
mams untreated the 
cUnical course vsvU de 



jiend according to 
on the tv JO of 
deformation that re 
sultR 


1 10 ■*0«> — O tcocl on Int a of fe numt 1 cn I l awmg r. 
t on wul fl ttm np I t no fn pme tat on 



Legy recognises a 

mushroom deformity of the femoral head m u Inch a Iimji is j r immcnt but 
111 u Inch atrophy pnn ami ‘'hortenmg arc slight and a t^p dcformitv 
m v\l ich pam slicrtening and eventual limitation of movements are nurked 
T 1 on, IS no doubt that treUment in mist eases is not so prolonged as it 
hoiild be Bmilsfonl has pfoduewl eonv inong cridence tint although the 


XI 111—31 
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disease is self Umiting during the lecOTrery phase the epiphysis 13 “ plastic 
ind IS verj susceptible to pressure trauma This author demands that treat 
ment should be mamtamed until epiphyseal regeneration is complete Tins 
judgment can only be made by radiographic studies 

Most casts show a course in which the chnicil and radiological findings 
mav be tabulated (after BraiUford) 


Table'Spowiso Cobrespondihg CLnacAi. asd Radiological Phases in 


OsTEOCIKlNDBmS OF FeMOBAI. He U 


I id o^apLlc ^ gni 


Marked 

Subside 

Exacerbation 

Those of Arthr t a in untreste<l casea 


Min mat 

Typical Fragmental on 
Deformation 

Those of Arthnt s in untreated ca-o 


Radiographic Appearances — These have been described b) Braihford in 
greater detail than by any other author after a controlled studi of set enty one 
cises The changes in chronological order are 
(i) Eapliest SiQhS (Figs 403a and 404<r) 

(o) Slight increase m density of femoral head 



1 10 406 —Adi anecd b lateral o trochondntia of femoral heads an untreated case with 
cliapb\aefll wHlening 
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(b) Slight surroimduig osteoporosis 

(c) Slight mcrea'se in joint spice 

(cZ) Uiiward coin e^ity of the femoral necl (Gage) 

(ti) Established Disease (Fig«» 4046 404c 40o and 40C) 

(rt) Fi'<!nring fragmentation and compression of eptphi<ts luth. deii<?e 
irregular bone islets 

(6) Griclual ibsorption of dense bone m epiphisis 
(c) Thickenuig of juxta epiphyseal diaphvsis 
(ill) Recovera Stage (Figs 4036 404c) 

(а) Regenerating epiphj'seal outline nitli continued disappearance of dense 
fragment a 

(б) Oatcoporosis m vicunty no longer apparent 
(c) Complete epiphyseal regeneration 

Tlie lecoverj stage lasts from two to four jears, and during the nhole of 
this period the bone is in a plastic state and should not be submitted to full 
weiglvt bearing 

The \ rar apjiearances of the end result wall depend entirely on the degree 
of defonnitj suffered m the earlier stages lii untreated cases or in those in 
nhich treatment has been inadequate the head uill be flattened, especiallr 
on Its medial aspect aniT the margma will splai out and oa erhang the neck 
le a typical mushroom appearance is seen pertrophic arthritic 
clianges mil occur in young adult life in such ca«e« 

rcRTHER OB«rFPaATro\s — Acetabulac oiteochondritis is. sometimes seen 
m association mth typical femoral head osteochondritis Tlie acetabulum 
•aill show tlie densitj aanations aud alight comjiresion but fragmentation 
IS unusual 

Typical changes of osteochondnlis ui the cpipbasia inai sometimes be seen 
m reduced congenital luxations of the liip joint Hedges Phemisler and 
Brun^chicig haie ‘‘cen cases in which adolescent co\a vara is complicated b_> 
osteochondritis in the slipped head or in the meiaph\sis further thej men 
tion instances in which a slipped epipln’siS was noted onAJne side and a tj'pieal 
head osteochondritis on the other side m the same patient 

Differential Diagnosis — In the fragmentation stage the apjiearance is so 
topical that difficulta in differentiation should seldom arusC In the «tago of 
onset and lecoierj howercr the changes maj supcrficialh re«emble those 
seen in 

(i) TC’beu’CUlocts ARTimms — (Nteoporosis and cartilage dentniction are 
u^ually marked The penphery of the head will ahow a ragged erosion 
and sequestration is either aerj gro>s or microscopic so that it 13 not 
appreciable 

(n) HaroTHYKOiDisw (cretmism and infantile my\cedema) — Coarse ap 
{wrent fragmentation is seen actually the cpiphjsis forms from several 
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irreguhr ossific nuclei uhich ire delayed flattening ma> be extreme , the 
changes are always bilateral and usually 8\ mmetncal 

(ill) Polyarticular Artiiritis IN Childre\ (Nh/i s disease) ^ — -Vn isolated 
hip joint radiogram maj simulate osteochondritis Epiphyseal iiTogulanty h 
pre«ent but fragmentation does not occur , compression is not seen 

(iv) D\ SCHOVDROPLASIA {Morquio Brailsfonl form) — In this condition, 
fragmentation may be present but severe metaphysical changes are also 
noted The changes are symmetrical and are not confined to tlie hip joints 

OSTEOCHONDRITIS OF TARSAL SCAPHOID 
{Syn Kohler s disease) 

Clinical Features — Tins condition is not uncommonly found m children 
between the ages of 3 and 10 yeare , there is a decided peak incidence at 5 to 6 



Fio 407 — 0 teochon Intis of the torsdl scsiphoid shortly after appearance ol os he 
Note general tarsal osteoporos 3 

years boys are more commonly affected than girls A definite history of 
trauma is only obtamed m a minority of cases The cluneal signs are usually 
thooe of a low grade inflammatory lesion , hoi\e\er, the radiographic discovery 
of the lesion may be accident'd , the condition may affect both feet 

Radiographic Appearances —The early appearances of X ray evanunation 
depend upon the degree of ossific growth of the nucleus when the disease begins 
In the younger patients the small ossific nucleus undergoes a coarse fragmenta 
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tion And this togetlier ivith neiglibouang osteoporosis is the earliest sign 
(Fig 407) In older cases, hen the scaphoid IS already well -developed the 
fir^t change w one of simple increase in density without alteration m shape 
(Fig 408) Antero posterior compression and fragmentation then occur , 
tapicallj tJie scaphoid appears as a disc with irregiihr margins and wnth a 
dense central fragmented core 

In the recoverj phase the central density disappears and an envelope of 
new lione is formed (Fig 409) The rccoverj of form ma\ be perfect but 



Fio lOS — O^leocl on Irit 8 of tsrgal senp] o d carty sta^ eJo mg an increa.e of tlei sity 
without Uefonn t j 

dorsally irregular extnisious niaj he seen (Fig 410) A striking feature is 
that the normal gap between the astragalus and first metatarsal batie w seldom 
shortened thisatleastsuggeststhattbcBurroundmgcartdageis not markedly 
necrosed The recovery is usually complete m a period of eighteen to twent 3 
four months 


OSTEOCHONDRITIS OF METATARSAL HEADS 
{Sifus Kohler s disease Fretberg s infraction) 

Clmical Features —The second metatarsal head epiph)si3 is much more 
often affected than the heada of other metatarsals The condition is much 
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(ommoiier in girls lliui 
111 bojs The iisinl age 
incidence ls from JO to 
15 jcirs hilt cases In^e 
liccn rcjxirted m which 
the on«ct occniTcd m 
iidult life imuma is 
usual m the history llio 
signs arc those of n low 
gr vdc inflamiimtorj 
lesion 0 teochotulritis 
in this site hat Ixcn 
stndted more often bj 
hioj s^ th m in nn> ( Iher 
ires 

Radiographic Appcar> 
ances — Iho jiiiinnrv 
tlmngcs in t!io meta 
taran] head arc tl) 0 «o of 
( steochondritis in other 
Imnes jo condensation 
fraguieutation and do 
formation Tlicn is 
usuilli an Jncrcssc m 
the joint 8par>o Second 
an changes arc csjieci 
nll\ pronounced at tins 
siti ami are charaettr 
istie the hate of the 
pi oximnl phalanx 
hollow's out ccntmUj 
and Rpla\8 out at the 
nnigin ns if gross osteo 
artlmtis hjiinng is tal ing 
I lace the metatarsal 
shaft show s a marhtd 
tlnrhemng dwtalh as a 



result of regular deiwsition of pcnostcal new bone m tins w-aj the talmlar 
jurt of tl e second metatnr8.il tokes on the eharacters of the first metatarJ^al 


One feat lire is eommonl v seen a t this sito n Inch is imu5u il in ostcoc hondrif /% 


tisewhoro namcij the head fragments which maj be large mn> sejnrate 
eomjlctcl^ ami aroid inclusion in the rccoien phase ami hence remain ns 
1< ost Ixidiea m the joint (I ig 4 1 1 ) 
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usual age mcideiice jsfrom 12to I5\ 


OSTEOCHONDRITIS OF THE TIBIAL TUBERCLE 
(S?/7is Scklatler s disease Osgood s disease) 

Clinical Features — This condition is commoner m bojs than m girls the 
Trauma is nearlj alu ays a distinct 
feature in the history It is 
indeed difficult to decide in 
certam cases ivhether an 
abnormalitj of the tibial 
tubercle should be classified 
as a true separation fracture 
or as an osteochondritis 
Anatomical Development 
— This should be fuU^ un 
derstood m its different 
forms The proximal tibial 
epiphysis ossifies at or juat 
before birth In infancy 
the tubeicle zone is repre 
sented b} a small tongue of 
cartilage vhich continues to 
grovr doumuards Second 
arj ossification does not 
occur in this Imgula until 
pubertj It IS very variable 
m form a separate centre 
or multiple centres mav 
form the whole lingula — 
more commonlj the ossifi 
cation 13 an extension from 
the mam proximal cpipliysi? 
and this extension may be 
complete or partial , if the 
latter then a separate nu 
cleus 13 usually present for 
the mtenor extreraitj of the 
hngula {Fds) 

Radiographic Appear 
ances — From the desenp 
tion of the anatomv given 
above it will be realised that osteochondntisvvillnot beeas} to diagnose with 
confidence the sign of fragmentation will obviously be difficult to assess 
densitj variations in the various nuclei (le multiple) together wath an uneven 



5 teochondritis of the t b al tubffltJe 
general on phase 
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cle^Tition (foranitl protni'sion) of them will prove tlit, more rtlirtble guides 
(tig 412) 

In till** as m other ostcochondnticproec<ses it is important to make serial 
studies ^Uien the condition is bilateral the writer Ins noted that the side 
show mg the greater radiographic signs docs not nccc^sa^l 3 manifest more 
marked clinical signs 

Detailed and full studies of the coiMh*ion J^l^c been made bj iicNnller 
O good and Feh 


OSTEOCHONDRITIS IN OTHER SITES 
Osteochondritis of the Calcaneal Epiphysis is sometimes a cause of pamfiil 
bed but n nni ns common n condiUon as certain reports would Ic'id one to 
<.\(ecf ’Normal os ification mij Ik. markcdli nniltumcleate and apiiear to 
1)0 irrcgnl ir in eonse 
fpiciicc the association 
nl tvnatonncal irregn 
hrit> with }amful 
iieel does not justiA 
n diagnosis of ostoo 
clumdritH without care 
fill frcrml oxainmations 
Osteochondnlis of 
the Patella maj ilTctt 
the primary centre in 
young children ( K6hkr) 
and also the secondary 
jK 1 ir centres m children 
from tl e age of 10 to 
14 years (Stnding Lar 
fian Jot nnsson) 

Osteochondritis of 
the Neck of the Femur 
i an interesting ctmdi 
non in yie« of the pirt 
it may phj m the dc 
iclopuicnt of the «o 
tilled tufanlJc coxa 
vara Certain anatom 
s Ijchere that sect nd 
nr\ os, if cation centres 
tetur in the ftmoril 
n<'tk c-irtihge luf there 
is i!u unnmmin of 
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opinion on this point Gutig and Hertzog anti Brailsford ha\e rej-orted 
cases in hich infantile coxa vara resulted from a process resembling o^teo 
chondntis both clmicall^ and radiOgraplucall3 svhich did not affect tl e head 
epiphjsis (Fi^ 413} 


OSTEOCHONDRITIS DISSECANS 

konig in 1887 was the first UTiter to describe a peculiar form of loo e 
body formation in ]omts which he named osteochondntis dis ecaas In 
this condition a necrotic process separates a bone fragment King beneath the 
articular cartilage which is eientualh 
al«o involved the o«seocartilaj,inoiis fra^. 
ment may then separate tompletelv and 
form a loose Ixidj The atiologv la not 
definitely understood but trauma is iin 
doubtedlj responsil le m certam ca*^ 
Tie condition may be recurrent m tie 
same joint 

Clinical Features — O^teochon Iritis di 
secans is much commoner in males tlian 
in females end is usualh seen m toing 
adults The lesion is more conunonh 
noted in the knees than m other joints I it 
cases have been rejiorted showing involve 
ment of the ellxiw (Fig 414) and si ould r 
joints IMien the knee i-s affected tl** 
condition may be bilateral however onh 
one side may give clinical signs 

Tl e clinical history is usuallv one of old 
trauma with consequent recurrent attack 
of internal derangement of tie knee 
joint i e synovitis with effusion lockii " 
and local pain The eertam diagno«L tf 
osteochondntw dissecans can onh lie ma K 
r*.diographicaIly other than bv ojieration 
Radiographic Appearances — In tl c 
early stages before the separation of bone 
from bone is complete the c-ondit on i lav 
be very difficult to define unle-w «evcral 
views of the jomt are taken m different 
degrees of rotation as well as m the standard positions Once sej vration of 
Ixme from bone is complete the appearances become tvpical A rounded or 
oval bone fragment the margins of which are not sharply defined is notet 
if seen en face a translucent ring will be seen surrounding the bone fragment 
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if seen en profile, the fragment wll be noterl Jying opposite a depression m 
the femoral condole The medial femoral condvle is aflected mote frequently 
tlwn the latenl (Fig 41 "i) 

In the later st.ages, if the condition progresses, caitilagmous continuity mil 
1)0 intemiptcd and the complete ostcocartihginous fragment uil! lie noted as 



Fio 115 — Ojtt'ochomfnti* kli-KCsa-s of the motlml femoral O -^ou* contmuit\ l>ruk<n 

btit fragment ni t iu?paratr<l 

ft loose tx)d\ in the 3 omt tlie site of ongni mil he seen, for a limited iKnod, 
ns a depression 

If the lesion faiU to tle\clop, then a grrdual return to normal may fulUw , 
10 the tnimlucont roue gradually becomes oblitemtod ht iieu Iwne foninlion 
mid no hcparate fnpnienl can l)c identified 
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SECTION vn 

STATIC AiVB PARALYTIC LESIONS TIIE INTERVERTEBRAL 
DISCS ORTHOPEDIC OPERATIONS 

E Campbell Goldikc, MB. M R C P , D "M R E 
CHAPTER XXXIV 

STATIC AND P\R^UTIC LESIONS OP BOXES 4KP JOIMS 
STATIC DEFORMITIES 

The RESULTS produced b) postur«ldefects depend tosoinee\tent on tlio age of 
the pMsent nt tlie on«et The joiing pitient maj dc%elop a se\ere defonnitv 
A postnml defect leads to a« auatomical fault and result's m a limited bon\ 
burface bearing esce«s of ireight The relative position of the Iwnes is altered 
producing structural clianges which predispose to secondary deformities of an 
arthntic type 

111 all the<o defornuties the same principle may be applied, tint the part 
bearing excessive pTe«isiire suffers some retardation of de^ elopineiit The 
internal architecture of the bone may aUo be altered to compensate for the 
alteration in the distribution of body weight 

Scoliosis — ^Tlus is a condition of lateral curvature of the spmc It inaA 
be due to a known cause, e g congenital deformity of the spine, empyema or 
fibrosis of lung, torticollis or any condition causmg shortening of one leg oi 
ti’fraig td Vtie Parris k Vngei gttittp is St/nrivA Vy nVroptAtoc or lAaYic 

scoliosis, the cause of w hich is frequently untno%vn Tlie onset of the condition 
is usually m adolescence 

In the early stages the scoliosis disappears on lymg or may be corrected by 
muscular effort, and no radiographic changes are visible Later the deforauti 
becomes irreducible At this stage the condition usually consists of a dorso* 
lumbar curvature, with the coniexity directed to the right There may be 
secondary curvaturcb above and below the deformity, in the opposite direction 
(Fig 416) The bodies are rotated towards the convexity and the spmoiK 
processes mchne tovrircL the concavity The appearance of the vertebree i< 
normal, apart from rotation Al a later stage the bodies become ircdged and 
493 
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the intervertebr-il space may be narrowed on the concave side Associated 
witli the scoliosis are secondary clumges m the shape of the ribs and pehis 
The deformitj m the spine predisposes to the early development of osteo 
arthritic changes {Fig 417) The osteopliytic deposits are usually more 
prom nent on the concaaity of the curve 



Fig 410 4 C cu e } thesurpeon Fic 417 Lumbar bcoI os « throtat on oflhe 

1 a a tempted to I m t bv a sp nal g aft bo I c an i o teoarthnt c change 


Genu Valgum Genu Varum — The radiological aj pearances m these con 
dll ions are frequentl> less striking than the clinical exammation would suggest 
T1 ere may be slight narrow mg of the outer or mner half of the epipl jses 
w ith corresponduig o vergroirth of tl e mner or outei border of the metaph^ sis 
of the femur and tibia The changes are more marked m the femur tl an 
m tl e tibia and the metaphyseal overgrowth accounts for the major part o 
tl e deformity 
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Flat Foot — In flat foot there is some abduction and pronation of the foot 
It the inid tnrsal jomt Tlie radiological ehsnges are seen Ix-st m the lateral 
\jeM (FJj. 418) Tile most obMom of the«c are 

(1) lie «catthoKl and cuboid slip downwards The scaphoid inav l>e 
wedged "ind tiie upjier part of the joint sp'vce betuecn it and its neigiibours 
Ill'll lie Midcncd 

(2) The astragnlm apjiears foreshortened with, a prominent antenor and 
m i»er margin Its nuterior e\treiiiitv i*? depre^d 



ti 419— Th t<7fon t (ting fro n dac foot wl cl levciopct] at en ootl} sgr 

(1) In admneed eases a line drawn from tl e jiDStero mferioi angle of tht 
K V t'llci throiioli tlio loner margins of the cuboid tiibcrositi and head of the 
fifth mctataival is horizontal oreien convex downward-* 

PARALYTIC DEFORMITIES 

Tilt eletnl nninfcsiatioub of jiaraKiic lesions depend ui on the site of tlie 
le ion and to some extent on the function of the area affected 

Lesions of the Upper Motor Neurone — ^TIic bone-- show the usinl changes 
a<ofiated with disuse During the growing period tie shape of mdiiidual 
Ik lies c p m ti e fi ot nnv Ik? altered bv a sj astic parali sis m much the same 
wn as (le cribcd m static lesions Indnidiial metatarsals maj hj 7 )ertroph\ 
m a rcmarkahlc fashion w hen the\ are force 1 to bear unusual stmui 

\ severe sjwstic j>aral^> i> m»v cause sibhivation of a joint Sjiastic 
<hl leg a Is due to agenesi-i or arre icd development of the cells of the pre 
Ft 1 indie area The spasticitv of the lower limbs mav cause a subhivation 
It the hip jomt a change which is visible on the radiogmm Severe seohosis 
mav lx* iau~cd bv both lower and upper motor neurone lesions eg poliomve 
Iti Friedrich s ataxia and sjTingomvcIu 

Lesions of the Lower Motor Neurone and of the Nerves — The changes 
\ ndiuxilm lx nes and joints imv be tl e result of the flaccid palsv the defective 
{ rf } nocej live sense or the loss of the trophic mfiuence of the nerve In 
^umc c ISC'- tl ere is the combiiietl effect of more than one of these factors One 
ol tl e sji ij le t tvj es of jomt deformitx is the dL location produced bv muscle 
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Fio 410 The skeletal defonn ty 
due to antenor po! omycl t s 


palsy forexample at the shoulder b} paralvsi' 
of the shoulder girdle muscles 

A jomt may be deformed by the comtait 
trauma associated with subluxatioii It \- 


possible to 
produce a sub 
luxation or dis 
location at tbe 
hip joint in 
some patients 
11 bo have made 
a partial re 
covers from 
poliomyelitis 
This frequently 
results in *v de 
formed aceta 
bulum nluch 
simulates the 
appearance of 
congenital dis 
location 

More extcn 
s 1 \ e joint 
changes are 
foundmagroup 
of progressive 




part al ahsorpt on of tl e tennuiB 
phalanx of the Ist toe t th om 
opaque salt Ijnng in a ulcer Th 
tern nal phalanx of the nd toe 
m 58 ng The lat and nd metatsrto 
phalangeal joints show neurotroph 
change Tl ere has been a fra tun 
of the n I metatarsal 


diseases of the nervous system and 


are referred to as Cliarcot s joints (see 
Chapter X\\ pp 446-9) 

The cliauges m bones are of 
several types Examples of arrested 
deielopment are seen m cases of 
anterior pohomj elitis This disease 
results 111 necrosis of grey matter in 
the spmal cord bram stem cerebrum 
and cerebellum with practically no 
sen«orv disturbance Insexere cases 
the bones are defective in length and 
width The radiological findings are 
often particularlj marked m the 



upper limb The bones are some ^ j jj ]tp]g leformtes “ 

times mud thinner than normal perforot ng ulcers 


SfATIC AND PAR4L\TIC LESIONS 01 BONIS -IND JOINTS J‘>7 

( with a relative increase m width of the cortev Tlie cancellous, htruclure is 
thin and conrho m the region of the expansion at the jomti. 3 lie liones irc 
JnWo to fnttiire E\amination of the soft tissues. fe)jow» narrow strips 
of muscular ti'-suc with a disproportionate mciease m suhoutaneems fvt 
(rig 410) 

In certain conditions sneh as tabes smngomKha and lepn the bonts 
exhibit abnormil frogilit\ and spontaneous fractures ina\ occur lliestmn 
often be found accidentally in the altecnce of a lustorj of fracture Xhev are 
not ncce«sanlj confined to the region of a jouit (see Charcot s jomt) Union 
docs not ahcttjb occur and a pseiidarthrosis nia 5 form The striictuco of the 
Ixinc appears normal or tlicro luaj be slight osteoporosis TJieit is no 
demonstrable local cause which determmes the site of fracture 

■Marked oatcolitic changes aie often seen m the small bones of tiic iinmh 
and feet The most tj^ucal appearance la a short and pointed phalanx from a 
partial absorption winch has commenced at the distal end of the hone 
bone IS destroy edit IS ftlisorbed (Fig 420) The condition nuj be compbcitcd 
by secondatj infection from a perforating ulcer iisualK under a metatarsal 
head In thc«e patients some sclerosis and periosteal new bone formation 
ma} bo added to the ab orption and the metatarso j hahngcal jouits nin\ )je 
completely disorganised (Fig 421) 


•vntn — ?2 



CHAPTER XXXV 
THE INTEmT^RTLBRAL DISCS 

There is a inogressivc change in the radiographic aiipe-irances of the 
normal inter\ ertebral disc from mfancy to old age In the sii months foetus 
the cartilage space is almost as wide as the body lii the adult the discs fomi 
approximately one quarter of the spinal column, thej are -nidest in the 
lumbar region and narroaiest in the upper thoracic spme In old age 
the space is further reduced by relative desiccation and degeneration of 
the matrix 

The Normal Disc 

Some knowledge of the anatomy is n€cc«sary m order to understand the 
changes produced in the discs and vertebr'e by trauma degeneration and 
disease (see also Vol III Part III Section I) The intera ertebral discs are 
composed of tlircc parts — the disc plates the annulus fibrosus and the nucleus 
pulposus 

Tin disc plates are two thm layers of hyaline cartilage which he over the 
central perforated area of eacli vertebra Tliey enclose the nucleus pulposus 
At the periphery they are bounded by the raised margin of the bodies which 
IS formed by the united epiphysis This epiphysis is an mcomplete bonj ring 
I3 ing on the antero lateral margins of the ^dies Its time of appearance and 
union with the body vary ivith the mdi\adual and with the sex being earlier 
m girls than in boys It is frequently stated that it appeals m adolescence 
but radiograms show that many jiatients de\elop bony nuclei at eight y ears or 
even earlier Union takes place usually before the age of 20 but is aer> 
vaiiable On the lateral radiogram it shows as a small triangular fragment of 
bone at the upper and low cr angles of the anterior surface of the bodies Thc«e 

cpiphvses take no part in growth but serve to unite the fibres of the anniilu 
fibrosus to the body 

The annulus fibrosus consists of lamcllated fibre cartilage bounded bt 
fibious tissue the outer rings are firmly attached to the margins of tie 
aertebrffi TJie inner fibres blendwith the substance of the nucleus pulposos 
The annulus serves as a liimtmg capsule of considerable strength 
] The nudexis pulposus n an incompressible oa al ball of high fluid content and 
g(,Iatmous consistence It contains loose bundles of fibrous tissue with 
mesenchymal cells TJie demarcation between the nucleus and the annulus 
becomes le'-s distinct with advancing years 
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The Abnormal Disc 

DefonnitKs of the dibc are produced 

I Congenital abnormalities 

(a) Absence of the di^c 
(i) Congenital deformities in the bodies 
(i) I^oeal deformities 
til) Dv’^troplnes 

II Dcgtncnxtn c and traumatic lesions Hie rehtive importance of these 
t«o faetoni is often difficult to detemime— cither or both mn} be present as 
the primary factor, or iiiaj lie superimposed on a congenital abnormality 

(a) Xucloar expansions of adolescence 
(i) Sende degeneration 

(c) Calcification 

(d) Trauma from lunib ir {mneture 

(e) Hcmiatjon into t)ie bod^ 

(/) Herniation into the aertebwl canal 

IH Cliangos produced b^ discaMi 
(a) Infective diseases 
Rheumatic condition? 

|c) llalacic processes m the \crtebrro 
(d) Osteochondritis 

COSOfMTVL ADNOIOrALITitS 

Absence of th( diM ma\ lie partial or 
<*onipJetc The incomplete disc w usndlj 
due to fii-iioii of the anterior margins of the 
IkkIics (Tig 422) Complete fusion w «omc 
times called ” block vertebra \n\ pari 
of the i^ptne niav lx* affected Sometimes 
the sjiuious processes are fused 

llte diagnosis Ins to be nnde from an 
uifcctue lesion which ins caa-'cd onkjlosis 
Till', maj lx? assisted b^ the aWnce of a 
suggestive historv or bv the aWnce of 
‘'tructiiml change m tltc bodies 

.1 pniiiHiT/ conycnitol (UJfct in lltc spine 
kads to irregularities m the dr^c space In 
this case tilt almoniiabty of the disc is ob 
nomlv of sccondarj importance to the pus 
Liice of hemivertebra orbijiartitebo<bcs,ctc 
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CJ ondro osleo dystropl jj is a congenitn] 
heredit-irv and familial disease Epipliyses 
arc particuhrlv affected and the vertel ral 
epiphyses do not escape 

In childhood the discs are frequoiitlj 
tllickcr than normal and the outlines of tl e 
vertebrae are deformed Tlie anterior part of 
the body is frequently heal ed (Fig 4‘’J) 
In later 1 fe the disc space is narrouer than 
nonnal n itb a marked irregularity of tl e 
mai^ns of the vertebt'C associated inth 
changes in the disc plate and subchondral boi e 

Degeveuativl avd Tfiujiatic Lesions 
A udear Expansion The cause of nuclear 
expansions in ad< Icscence is not knoim Ti c 
diameter of the ex^panded area is seldom more 
than 1 cm The condition does not appear to 
Fic 4 3 Deform ty of the be of any importance 
bodiea n el ondro osteo lys StntU DegmsraUon — It has been sho m bj 

Bcadlt Boss Smith and others that the d scs 
are particularly piono to degenerative cKn^e 
m old age These patients exhibit a \ rogrcssivo fibnllai degeneration \ ith 
some necrosis at the points of pressure It may 
be seen m a pure form m senile kyiihosis The 
disc becomes narrow towards the anterior 
border and in severe cases the vertebra) may 
be almost m contact 

Calcification — Charge or small oval opacities 
are occasionally found in the region of the nucleus 
The whole nucleus may be calcified Tlie condi 
tion IS seen best in the lateral film (Fig 4 4) 

Small opacities may form and ossify m the 
annultes&t the periphery of the drse space usually 
anteriorly From the film alone it is difficult to 
determine the proportion deposited m the annulus 
or ligaments Probably the major jMirt is in the 
latter Opacities in this region may be due to 
deposits of calcium which are structureless or 
they mey be composed of hone when they are 
sometimes referred to as iniatcdary bones 

Lumbar Puncture — Several coses have been ^ ^ —Partial calc fieat on 

reported recently by Ilihtard and Grout and by of three nude 
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Pfojf clianges m discs occuned 

after lumbir pniictiire presumably from 
acUml puncture of the disc TI\e disc 
space IS thm and sonietmics irregular 
Osteo arthritic changes niaj appear 
rapid}} It J? difficult to u/iderstand the 
marked irregularity of tht subchondral 
bone in the^e cases The narrowing of 
the disc with subsequent o'deo arthri 
tis IS compatible uath escape ol the 
nucleus through a jierforation of the 
annulus by the needle The inegu 
Hritj of t he a ertebnl surface due to sub 
ohonclril changes is possiblv due to 
wtroduetton of sepsis but seven! 
patients who e'shibited the«e changes 
after lumbar puncture for spmal aiues 
thcsia did not show other evidence of 
infection 

Herniation into Ue Bodj Schnorle 
A ewie — Since tlie researches of Sol morl 
this term has been frequentlj used for 
herni Uionsof part of the nucleus through 
the cartiiaginous plate mto the verfe 
bral bod\ Schmorl found the condi 
tion in 
3S jier 

cent of i>ost morten speciinena The pre 
disposing factor appears to be a difect in 
the cartilaginous plate (which may Ix- 
developnicntal or degenerative m ongui) 
associated with the sJiglit recurring trau 
mata to which the sjnne is subject The 
nodes \ar> m sire and appear as punched 
out areas which are frequently syrametncai 
in neighbouring Iwdies (Fig 42o) In the 
recent state most are overlooked as the 
margins are not defined and normal can 
cellous bone is supenmpo'^d over the area 
In the later stages the} aie outlined by com 
pact bone which forms around the p'^npher} 
or some calcification maj be visible in the 
node Itself Dimmution m the width of the 



lie 4 6 — Awell l(»6ned hemiat on 
of the 1 e r J 0 ag a vertebrol 
frset ro 



Pa 4®u — Sc? orla no les m eral 
ertebr* Note t\ e co npact bono at the 
per nhery of o«eh no le 
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disc d( pends upon the amount of tissue lost Host herniations do not cause 
anj appreciable narrowing of the space but thej predispose to further de 
generation 

It lb fairh charactenstic of vertebral fractures that tlie disc space l 
pieseived altbougb its outline is deformed In severe fractures some of 
the nucleus raij escape into the bod\ with narrowing of the dcsc (Fig 4‘’G) 
In less severe injuries herniations may be detected some months after an injurr 
to the spine whereas immediate radiograms ma% not reieil the«e nodes 
{Schmorl Joplin) See Figs 302 303 Chapter XXV 

Herniation into Hit T trleLral Cawd — For raanj jears posterior heimations 
of the nucleus have been confused w itli benign tumours (chondromata) groinng 
from the disc Both conditions may occur but herniation is more common 
The node projects to one side of the posterior longitudinal ligament m front of 
the dura 

Tlie tau'-e is unknow n but it is possiblj due to recurrent trauma m the 
presence of some defect in the annulus and is also influenced by the fact that 
the annulus is thin posteriorly Herniations may occur anj*where but are 
mofst common in the lower lumbar spine Multiple protrusions base been 
recorded (Bote and Camp) The patient maj complam of sensorj symptoms 
such as root pain pam in the back lumbago or intractable sciatica and in a 
late stage motor symptoms \nth disturbance of sphmeters 

Tlie direct radiological diagnosis is not possible in the majontj of jiatients 
Narrowing of the disc space is not constant and calcification m the node is 
uncommon The diagnosis rests on a raised protem content m the cerebrospmal 
fluid (although this is not alwajs found) and on the presence of a constant 
indentation of the thecal shadow m films taken after the injection of hpiodol 
(j 0 c ) into the theca 

riiANGES PnontJCED Disease 

Many of the changes due to disease affectmg the disc are the secondarv effect 
of vertebral mvolvement and are described m the appropriate chapters fhe 
appearance of the disc depends upon the behaviour of the cartilaginous plates 
The resistance of this layer of cartilage is considerable and some conditions 
as. of tbo bady wvlUQUt invading 

the disc space 

Most tnfectiie lesions ultimately breakthrough the plate and cau e narrowing 
of the disc Pnmarj mfection of the disc is extemallj rare as vascular chan 
nels are scanty and disappear when growth ceases but revascularisation mav 
occur through a break in the plate or through a cartilaginous node projecting 
into the bodv 

Rheumahe Diseases — There is a type of lesion commonly found m patients 
who attend Rheumatic Centres which is beheved to be due to the spread o 
mfection from foci such as mfected teeth or sinuses etc These non specinc 
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uifoctive le'iions are characterised bj involvement of a single joint, wth lo^^s of 
cartilngeaudlocal sclerosis of bone ChangcsoftJiisti pc are occisioiiaUy found 


in tJie spine Tlie peculnr featwre of 
tins condition is a imilatenl loss of the 
di5,c space, mth subsequent sclerosis of 
tlie mirgms of the ^e^tcbrce and new 
bone formation In the final stage the 
le&ion resembles osteo artliritt,, but it is 
localised to one dl^c, and the on^t i» 
much earlier than the ciiatomaiT age for 
tins disease 

In spondjlitis anl< 5 lopoieliea, the 
calcification of the intervertebral hga 
raents and peripheral layers of the annu 
lus luaj be clearlj shoani m a film 
Ultimatelv the disc becomes ossifictl it 
IS then able to resi«t stram and retauis 
Its normnl width 

Malacia of the Bodies —Any pro 
cesa causing osteoporosis or softenmg of 
the body mij be accompanied bj 
marked dianges in the dbo In practice 
this i6 fonnd most frequently m send 
ity with osteoporosis (Fig 427) Tlie 
natural turgor of the disc, acting on a 
softened sjKmgio^ia, cau'>es> a piC'^sure 
defomutj of the liodies, which are 
flattened and van in depth or the discs 
Ixiconie biconvex and the vertebrse re 
semble tho-«e of the fi&h It is frequentlv 
difficult to obtain sati‘'factorj radiograms 



Fiq -IJ7— a coiuprtratiwU carir 
stiwe mo'itpoporotic cotltipse of the bodies 
Tlie discs are as-ounmg a lenticular *bnn 


patients, as the calcium mm- 


tent of the bodies is so low A crush fneturo is often superimposed on this 
toudition 
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CHAPTER XXXVI 
ORTHOPEDIC OPER-VTIOXS 

'J UE ppof EDEPEs eiuplojed moithopaKlicsurgerv ran m uiclindiul clinics and 
are coll'^tnntl^ being modified as new or uupro\ ed methods are evolved 

In tlie follow mg brief descnption, tho^^ measures are considered v> bich mav 
be of radiological importance 

Confusion mav an‘« m some instances between the disease process and the 
result of surgical mter\ention Tire radio’ogist may also wish to follow the 
ratiomle of vanoos operations 

OPERATIONS ON THE HIP 

Osteotomy. — The object of the operation is to correct an angular or rotational 
deformity It maj be one of the following tj pes (Tig 428) 

Si BTBOCHAMERic OsTEOTOJfY — A Simple transverse section is made below 
the lesser trochanter It is frequently performed for the flexion adduction 
deformity of late mfectne artlmtis 

Imebtbociia>'TEPIC OsTEOTOsiy — The line of section is above the lesser 
trochanter where more extensive bone apposition may be secured There ate 
two types of intertrochanteric osteotomy 

(i) U edge Osteolomi / — A wedge is removed from the outer side Tlie limb 
is abducted and the coxa vara or the adduction deformity is corrected 

(ii) McMurray's Osleoiomy — The Ime of section is mwards and shghtiv 
upwards just below the neck The object is to displace the whole shaft 
medialh under the neck Tins alters the line of weight bearing and penuib 
the correction of deformity m osteo artliritis , it also promotes union m 
fractures ot the neck (Fig 429) 

The Lope\z BtEtmcATiON Osteotomy — ^The operation is performed in 
upward dislocations with gross displacement The object of the operation is to 
provide stabihty with a useful range of movement and to correct flexion and 
adduction It increases the true shortening already present 

The line of section is inwards and sharply upwards at the level of the lower 
border of the empty acetabulum, mto which the pomted lower fragment i' 
thrust Union is secured in abduction (Fig 430) 

Arthrodesis — ^Tlie object is to produce a pamless bony ankylosis 

IvTPA apticelae Apthpodesis — Theopiiosmg jomt surfaces are remoied 
The operation may be supplemented by inserting a Smith Petersen pm tiiroUe 
the femoral neck into the ilium {Watgon Jones) (Fig 431) 
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1 SuMiochantenc o«(«o(omj' 

2 Intertroch&ntenc treUgc osteotomy 

3 ^^Ic^Iarrav s osteotomy for frocttued neck of feinur 

4 Loreaz bkfimiattori oateotomv for congemts] dislocation. 

5 latm-Artieular srthrcxiesis with la^rtiOR of a Smith Pc ter^n fim 
G Extn-articular arthroOesu 

7. Bankart’^ ncision of the hip 
8 SfwJfopemftofl 


Extra- vrucitlar AJtTURODESis — Arthtwiests is obtamed by a bonj 
bridge ftom the femur to the ihum, above the jomt The reversed greater 
trochanter (Fig 432) and bone from the tibia have been used as grafts The 
most satisfactory bndge is obtained bj removing n complete rectangular 
island from the blade of the iliuzn, and nedging this into prepared clefts 
in tlie greater trochanter and the ilium above the acetabulum {Seddon) 
(Fig 433) 

COilBIXED IkTRA- AXU EXTBA-ABTlCUtAR ARTHRODESIS COnsiStS of an 
excision of joint surfaces reinforced bj a bone graft. 
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Fi'' 433 —F'ctra art culftr artl l-Mi 434 — ShMf op<>r&t ono\er afat eaceta 

Hsuift tluic > Iht ) bulum 


Excision of the Hip Joint — The object of this operation is to remove nJf 
d\ 03«etl It l^ tisiialh performed m chrome tuberculous d^ea*?© 

SiMPLt E\ci>ion —riio remains of the head and necl» are remo’red dcnrn 
to unafTeitod bone The di'»oa»cd acetabulum is curetted \ U'seful range of 
movoinciit i’' froquenth obtained «il!i some shortening 

R iDiciT ^\CJSlo^ (IJ INK II t) — riic objcct of the oiierUjon is to shorten 
the coup^ of the diseisc in chronic ctsc«i of tultcrculosis of the hip joint with 
much destruction and to obtain some mobiliti 

The ihum iiid mim of pubis and ischium are dii ided beiond the disei^d 
area Hie nholc acetabulum is removed \ variable amount of the femur j> 
excited accoidmg to the extent of the process Earh moiement i-> encouraged 
A new joint forms The patient niav retain 00 degrees of flexion and a useful 
ningt ofotJier inoicmonts 

Arthroplast) — -The oljjoct is to restore moicinent The ojicration is mast 
frequenth done on one side for jwticnts w ith luHtcml niiki losis ^e^ultlng from 
M>ptic artliritis or spondihtis anhilopojctica The head andlicck are refash 
lonctl hy free rcmo\ al of bone EarK moxemont is c 'cntial 

Shelf Operation — After reduction of a congenital dislocation 

tfio defectiie iipi>cr riniofthcarctabuhimmit not re form esj>ecial}j after the 
ace of 0 \cirs 

Hie object of the operation is to ensure <stnbihtj bs deepening the aceta 
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buluni with a buttiess superiorly TOitn reduction is impossible, the operation 
maj be performed over the false acetabulum (Fig 434) An iliac graft lh 
wedged into a curved cleft over the acetabulai margin 

The Insertion of a Smith-Petersen Pm — ^Tlie common indication for the 
operation is the suhcapital fracture The radiologist is expected to provide 
films of reasonable quabt j m tvv o planes vv itb accelerated dark room technique 
A Lvsholm gnd and small cone are essential accessories 

The results of the operation provide manj interesting radiological 
appearances 

The pomts nhicli should be recorded arc 

Before Operation — (i) Rotation of the head usually an mward rota 
tioii Complete reversal of the head maj occur (ii) The degree of varua 
(ill) The amount of external rotation of the limb as show n bj the position of the 
lessor trochanter (xv) In late cases, anj absorption of the neck or gclero'L* 
of the head from defective voiscular supply 

During Operation — (i) The extent of the reduction of the fracture , (») the 
position of guide wires , (iii) the position of tlie pm m relation to tlie ned 
and to the head and (iv) the final position of the fragments — especiallj’ the 
presence of impaction 

After Optration — Sequelae which maj be seen are Non union aseptic 
necrosis of bone round the pm usuall} at its extremities , erosion of the pm 
fracture of the pm , loosening and expulsion of the pm aseptic necro''is of 
the head traumatic arthritis 

OPERATIONS ON THE KNEE 

Supracondylar Osteotomy — The object is to correct deformity, the common 
est bemg genu valgum The femur is divided transversely half an inch 
above the adductor tubercle through a short mcision on the inner side of 
the limb 

To appreciate the final position films mchidmg half the femur and tibia are 
necessary Non union is almost unknown 

Arthrodesis — This operation is seldom performed before the age of 16 a- 
defomutj may occur from disturbance of tlie epiphyseal Imes In the adult 
transverse resection of the jomt suifacos is earned out The patella inav 
used as an anterior bony reinforcement 

Excision of Patella — ^The patella may be excised in the rheuma ic 
arthntides, fractures or m the operation of artbrodesm 


OPERATIONS ON THE TARSUS 

Arthrodesis — ^The objects of arthrodesis are usually to correct defomiity to 
increase mechanical stabibty, and to relieve pain 
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Common mtlitat ion-'> nre neglected congenita! club feet, parih*t)c conditions, 
and nrthntis foUoiving fracture of the o> calcis The operation is frequently 
'iupplcmentcd b\ temlon transplantation to ^e^torc mxiscle bahiice 

The tarsal regions of surgical importance are the subastragaloid, tlie astra- 
gUo ^caphold, and the cc Icanco-cuboid jomts These act as one joint tom- 
jitex Excision of anj one single joutt is considered iin'sonnd Tnple arthro 
desis IS commonh performed It con.sists of excision of curtilage and a 
layer of bone from all the nboae joint surfaces By excusing the jovntH more 
freelj. on one side or theothcr, aanousdefomiitiesraa) Ixicorrected Itxation 
m jilaster for at least three inonthb is necessary to ensure bom fusion (Fig 4 15) 
Modifications of triple arthrodesis are 

(a) XiUGiiTax Devx s Oi*t ration — In thcs the scaphotrl is excised and 




1 rnpl<? «rtht<Klfrn4 £ ^su(!h(oti Dtmn 8 opcr«iion 

3 Ijiinbnnu U » opcralion 1 X\ hitman’s Mtrujnvlectomy 
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union secured between the astragalus and cuneiforms This allows the foot to 
be displaced backwards m relation to the astragalus, and lessens the tendencr 



Fjo 436 — Tnple etHiPodeB]9 


to drop foot bj shifting the centre of gravity of tlie foot nearer the ankle 
joint ^ 

(i) Lasibrincdi’s Operation for Drop Foot — The inferior surface of tk 
astragalus is excised freely m front, so as to leave a wedged ontenor jiart , tins 
is. introduced mto a socket m the lower part of the scaphoid By tins piece 
dure the posterioi process of the astragalus impinges on the tibia and limits 
plantar flexion 



Fig 437 — -Astragalectomy {aVbitnian) 


^ Astragalectomy — This open 
tion w.u designed by hitman 
chiefly for tlie correction of talipes 
calcaneus 

After removal of tJie astragalus 
the foot is displaced backwards 
and the prominence of the heel is 
increased The peronet if active 
are tiansplanted into the tendo 
Achillis to reinforce the weakened 
calf muscles The operation is 
being superseded by a form of 
triple arthrodesis (see Fig 431) 
Tlie radiological results of opera 
tions for the various form of tahjics 
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whouk} not be judged ujKin the Jatenl film alone An antcro po‘rterior \ 
)na\ pho^v an \insuspected lateral clipplaceinent of the forefoot 

OPERATIONS FOR HALLUX VALGUS 
Excjsjon of the Exostosis — ^Tlie simplest procedure is remov-nl of the lioss of 
l)one on the inner aspect of the metntar^a! head flig -ISSa) 

Excision of the Metatarsal Head — In serere ciscs nith ostco artJintic 
change'- m the joint the head i!> cxci«ed and the end of the shaft carefully 



(n) ( 6 ) fe) 


Fto 43 S 

lo) txc 01 ©rcsoto'**. 

lb) F*tc o of jnetfttflrwl ben J Too mucl boocia li'rn remov tl an I a marrh fract »«? 

I oer m i 

(el < rdlfx one * operat on 

n luukd llio ‘^samoid btiics are gencnih left »n situ Ilic opriation 
weakens tlic supporting I ovser of the foot (Fig 4JS6) 

Etasion of the Base of the Proximal Phalanx — ^^Ibout one thirrl of the 
j h ihn\ !•« reino\ed 

Girdtestone s Operation — Tiio motnlarso phahngcal joint i** oxciacil and 
jIic ph ft and keatl of the proMmal pliahnx are rrmo\ctl Hit hn-e of tl t 
} hal in\ bearing the insertion of idductor transversu=» Inlluci'* 1-- fixed to the 

II (tatnrval hca<l hx ft bone jicg (1 ig 4 iSc) ^ 

OPERATIONS ON THE SHOULDER AND ELBOW 
Arthrodesis of the Shoulder Joint— Two oomnion indications are cliromc 
tutu rciiUni'; arthritis and paraUdit le^iom afftcting mninU the deltoid jimscle 
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The he'id of the humerus and the glenoid fossa aie excised doim to health' 
bone The ncroraion process is freshened and after partial fracture is m'erte( 
into a slot in the region of the greater tuberositj to function as n graft Fisa 
tion m abduction is mamtained for several months 

The radiological evidence of bonj union is generally less strilong than u 
Aithrodesis of other joints as new bone formation in this region is scant} 
Excision of the Elbow Joint — Ihis is usually performed for chronii 
tuberculous arthritis A movable joint is almost the rule Excision oftk 
head of the radius maj be done foi fracture or for persistent dislocation 

OPERATIONS ON THE SPINE 

Spinal Fusion —The object of this tj pe of operation is to produce ikation 
m d limited number of vertebrae bv a bon\ graft m the region of the spines 
and laminae The operation is most commonly performed m selected ca«es of 
Pott 3 disease and scoliosis 

There are two tj^ies of spinal fusion Albee s and Htbb s 
Albee s Opbratiov — tibial graft is placed between the split spinous 
processes or on a prepared bed on one or both sides of the spines 

Li cases of Pott s disease the graft must extend between sound vertebra 
above and below the lesion In scoliosis aery extensive grafting maj be per 
formed Tins is the type of operation usually performed m England 
Hibb s Operation — ^The posterior inteiaertcbral joints are curetted 
riakeb of bone from the Kmin® are raised and placed between adjacent 
lammiE Each spinous process is turned down to unite w ith the base of the 
process below 


PAliT THREE 


SECTION VIH 

DISEASES or BONES AND JOINTS OF CONSTITUTIONAL 
OR UNKNOWT^ ORIGIN 

BY 

Do^ALI> Hoter M D FRCP, ant> M H Jure BA, AI R C S , 
LRCP, FFR DMRE 

CHAPTER XXXVir 

DISEASES DUE TO DISTURBANCE OF GROWTH 

ACHONDROPLASIA 

Acho’5DROPi*asia is di^'xse m bUicU pnrtml arrest of endochondral os<»ific’v 
twn leads to stunting of those bones prefonaed m cartihge It therefore gu*C8 
nso to disproportioned dn-arfism with shortness of the hmbs (micromeha) 
The term mioromelja of course expresses nothing of the jintbologv , jt 
occurs in sevenl condUion*. which differ from one onotlier clinicalh a*! ^\e^l 
as m their pathological anatomj 

That aehondrophsia has existed for centimes is knoim from tlie statnaQ 
and pictures of ancient artists Tlie^ include two gods of ancient Egjpt 
namely Ptah Sokar and Bes Many of the clowns of coiuas of grotesque 
figure but of normal intelligence liave liecn nchondrojilasic IVlien joung 
the\ tend to be attractive and to resemble dolls and this accounts for the 
fact that they were sold to the ladies of the court for large sums of money 
in the "Middle Age^ Mentally they are normal and physically they are 
healthy and often ver) strong AciiontlropJasic dwarfs are often seen in the 
streets and not mfrequentlj play the parts of clowns at fairs circuses 
music halls and ui cmematograph films 

In some instances achondroplasia <«ho>Ts the mfluence of heredity It 
does not seem feasible to determine the proportion between hereditarv and 
other cases Wntmg m I<112 ffiscAiicfli and Barrtn^on recorded 80 pedigrees 
m which 20 showed crises oeeurrmg in tno or more generations Their senes 
of ea'ses suggests that the female se\, is more predisposed than tlie male for 
ther found amongst 126 cases 70 females rnd o6 males 

Clmical Features — The diagnosis of the achondroplasio fectus can be made 
m a typical case at a glance TJle infant is one with a trunk of normal size, 
xnin — 33 
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short very thick limbs head, apparently rather bigger than usual withpromi 
neiit frontal and parietal eminences and nose the bridge of which is depresse 1 
The shortenmg affects all four limbs equally The finger tips which in 
normal mdmduals reach to the middle third of the tliigh reach m these 
cases no farther than the great trochanter of the femur The shortening of 
bones which produces this peculiarity is greater in the proximal than in the 

distal segments that is it is more marked in 

’ r the thigh and arm than m the leg and forearm 

^ ^fleets the foot and hand least of all 

(Eig 439) The hands and feet are broad and 
npL thick but present peculiarities of their own The 

A jB middle digit of the hands is short — its length does 

\ ^ not exceed tliat of its fellow on either aide The 

y) digits diverge from one another at their extrem ties 
*■ formmg the tndent band 

I j Tilt adult shows smallness of height witli a 

I normal trunk a large head and excessive muscular 

i I ^ development The usual height is about 4 feet 

\ f Die arms are muscular and are held a little ab 

) f ducted from the trunk as a result of the dispropor 

luv y V tionate size of the head of tho humerus The 

V \ ^ I head 19 brachj cephalic w ith promment frontal and 

I V A parietal eminences The face is relatively small the 

\ B A bridge of tho nose bemg broad and flat The teeth 

y are normal Tlie normal lumbar curve is increased 

\ '■ m or 19 made to appear sob} the excessive development 

^ \ \ ^ m t buttocks The genital organs are normal 

J •* I — the female may become pregnant and this fact 

^ I makes the pelvic deformity of great importance 

“■ Achondroplasics differ from cretms and from man} 

Fjo 430 Photograph of Other dwarfs m theiT mental qualities The} are of 
an achoadroplas o child aged average Ultelllgcnce 

8 years showing the dtspro Radiological Features — Radiologically the bones 

WmtomrjndTheTmbf “t “‘O •>« “ 

the middle though widened at the ends iney 
are much reduced in length and this m conjunction with the fact that all 
muscular attachments are exaggerated gives the impression that the cortex 
IS widened The shortening is met with m all bones of the limbs including 


8 years showing the dispro 
port on between the size of 
headandtrunk andthel mbs 


the metatarsal bones and the phalanges All bones give the impression 
of groat strength and this is supported by the degree of muscular de 
velopment The epiphyses are normal but the ends of the diaph}scs am 
over-developed ind widened giving nse to the description that they are 
trumpet shaped (Fig 440) As the middle of the shaft is normal m diameter 
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tills Oldening at the extremities of the bone gives it a typical dumbbell 
appearance The over-development at the ends of the bones is found 
vherever epiphyses are seen so that in a position such as the head of the 
femur or humeni**, irliere there are three epiph5^s close together the 
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Tlie fibula may be shorter than the tibia and the ulna shorter than the radm. 
The tndent hand -where the ring and httle fingers de-nate from the middle 
finger, is bj no means a constant feature The vault of the skull appears 
too large as, on mg to the defect in endochondral ossification the ^«e l? 
abnormally small The bones of the base the os tnbasilare consistmg of 
the pre and post sphenoid and basi sphenoid nuclei, undergo premature 
fusion This causes the base of the skull to be too short, the hndge of the 
nose to be depressed and the cerebellar fossa to be shallow The angle 
of the dims is more acute than usual The mandible approximates to the 
normal size bo that the low er jaur protrudes The sella turcica is normal m 
size and shape 

The spine tends to be straight and the vertebras to be unaltered but 
occasionally they are wedge shaped m which cacc there is kj’phosis Die 
mlet of the pelvis is contracted partl> because of under-development of the 
pubie and ischial bones (Fig 441) There is commonly a forward tilt of the 
spme on the pelvis producmg lordosis Defective development of the ilium 
brings the acetabulum dose to the great sacro sciatic notch and throws the 
heads of the femora farther back than usual It is this change which males 
the buttocks more promment and accentuates the lordosis The epiphvses 
unite earl} 

CHONDRO OSTEODYSTROPHY 

This is a rare condition showing irregulanty and fragmentation ol the 
epiphyses of the long bones retardation of growth and some softening of the 
bones It was described by Moiqmo in J928 and m the following }eaf 
BraiUford published verj full details of a ca«« The pathogenesis is not fullv 
known and histological studies are lacking It has been suggested that it 
13 either due to error of growth with degenerative changes in the cartilage or 
to some disturbance of hpoid metabolism hpogranulomatosis The disease 
which is often famihal is characterised bj under-development, weakness oi the 
limbs and back painless enlargement of the jomts and deformities consequent 
on osteoporosis and softening of the bones It is usually seen m children 
and young people imder the age of 20 vears The mentality is unimpaired 

Radiological Features — In severe cases all the epiphy ses may be fragmented 
and deformed They appear late and develop slowly The shafts of the 
bones are widened and shortened cspeciallv at the diaphyseal ends which 
may be irregular The bones are deficient m calcium The«e features are 
well seen m the metacarpal bones and phalanges Bratlsford points out that 
the presence of large gaps between the bonv extremities at the joints is ^ 
important feature and measurement shows tliat the jomt spaces mai 
more than twice the normal Osteoporosis and pressure deformities occur 
Jomt surfaces such as the glenoid fossa and acetabulum are flattened ^ 
irregular Tn the spine the vertebral bodies may develop unevenly so t a 
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there is varntion in size and shape of mdinduil honca and lack of alignment 
of the vertebral column In the lateral view ifc is common to find a defect 
in the upper margin of some of the bodies, ‘ind this gives the impression that the 
lover margin projects forward to form a hook The skull is usually large but 
normal, though there maj be evidence of pressure defomiitj if osteoporosis has 
been severe 

The disea^ie maj a ary m seventy and m distribution, m some cases bemg 
confined to one re^on 

Gargoylism appears to be an alhed disease, ui that bone changes identical 
vith chondro osteodystrophy arc encountered It was first described hj 
Hurler, cand is referred to as chondro osteodystrophy of tlie Hxirler typo, but 
the name ‘gargoybsm^’ vbich is more commonly used well describ''s the 
large head and grotesque facies of the children oflheted 

Tlie condition is congenital and often familial and shoes some similarity to 
amaurotic familial idiocy The causation, however, is not yet knowm 

EHts has rexioited a number of these cases which show the ‘gargoyle ’’face 
and large head The bone deformities are identical with tho«e desciibed by 
Braxlsjord, ilforguto and others under the name of chondro osteodystrophy 
The chest in some cases is fimnel shaped The hver and spleen are usually 
enlarged All are dwarfs and show varying degrees of imbecility In tiro 
of the cases reported by Elh$, encephalography showed mternal hydrocephalus 
and cortical atrophy 

DYSCHONDROPLASIA 

Under the heading dyschondroplasta mij be grouped two conditions, bath 
of which are rare They are heredUnry tmiBiplc o«i/yuiy ecfJwndmnsia or 
diaphyseal adaaia, and viulliple chondromaia, which mclud»s enchondroinxta 
and ecchondromata Ollier’s diseiso is taken to be a mriition of this latter 
group Th“^e conditions are fully considered m Chapter XLV 

OSTEOPOIKILOSIS 

Osteopodtlosts was ongmallv described by Albers Schonberg m 1915 , u 
must not be confased with osteopetroais another disease first described by him 
The diaeise shows areas of scattered density confined to the ends of the 
long bones , these areas are round or lenticular a few miJhmetres m diameter 
and a few centimetres in length The size and shape of the affected bone 
are not altered {Fig -442) 

J oorhoeie's disease has been described once only, and shows radiating or 
parallel hues of density at the ends of the bones Although the appearance is 
somewhat sumlar to Ollier’s disease, the bone la not altered in size and shape 
and the areas of transluceiice are absent 

At times a dense localised dendntic shadow is ■seen at the end of a bone 
Only one bone IS affected , it is po«iaibly due to calcification in an vilrainedultary 
hiemangeioma 
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F o 44® —Scattered areas of dens ty tho ends of the bones of the Iia I and »n t n a 
of osteopo kilos s found by chanco dur ng exam nat on of the pat ent after an nj rj 

OSTEOGENESIS IMPERFECTA 

Cl meal Features — ^This cond tion Avas first clearly defined by Lobslein in 
1833 He described tl e post natal type of tiie disease and gave it the nai le 
osteopsaO jrosis id opatl ica In 1849 T roltil described the pre natal tjpe of 



DISEASES DDE TO DISTORBAKCE OF GROWTH 


519 


the disease, in nhicli multiple fcictures occur in utero and the child is often 
born dead In both types the basic defect appears, 110111 histological examma 
tion, to be an inability to form osteoblasts There is no evidence whatever of 



Fig 443 — Multiple fractures of long bones «nd nbs ui on infant a few days old Many of 
the fractures must hare been mtrautenne as repair is taking place 

Vitamin deficiencj Ko abnormality in the serum calcium plasma phos 
phoms, or calcium output has been demonstrated Tlie plasma pho'sphatase 
tends to show a raised value, but this is* not constant 





CHAPTER XXXVIII 

DISEASES DUE TO DISTURBANCES OF NUTRITION 
RICKETS 

Clinical Features — Rickets has been recognised for about 300 years and 
has been treated by cod bver oil for almost 200 years — a discovery made bv 
fishermen on the shores of the Baltic Sea Durmg that time nobody had any 
idea Mhy cod liver oil acted as a cure Great light was thrown on the whole 
problem when in 1918 it was showm that puppies developed rickets on diets 
deficient m calcium salts and fats In 1929 vitamin D was isolated from 
cod luer oil, and in 1930 it was obtained m pure crystalline form Since its 
potency is m the calcification of bone, vitamin D is now called calciferol la 
1910 the ultra violet energy from the sun or from special lamps was found to 
cure rickets In 1924 the reason for this was discovered, namely that calciferol 
is synthesised in the skm by the action of ultra violet irradiation There are 
therefore two available sources of ntamm D — one m the food w e eat and the 
other m the rays of the sun which reach our skin 

Morbid anatomists ate agreed that m rickets and osteomalacia the essential 
abnormality is the same namely a deficient calcification of osteoid tissue 
This deficiency is generalised throughout the skeleton In rickets, smee 
endochondral ossification has not ceased the zone of provisional calcification is 
affected too and endochondral ossification is irregular The nature of the 
calcium deficiency has given rise to much controversy, but eieii as long ago as 
1885 morbid anatomists held the view that the calcifying mechanism which 
should convert osteoid tissue into true bone was deficient Not only does any 
bone added by adiancing endochondral ossification remam osteoid but so 
also does all new bone added to trabeculae w Inch w ere fully calcified at the onset 
of the disease The normal physiological resorption accompanies tlus appo«i 
tion and consequently portions previously hard become ever softer and more 
liable to bend There is no evidence whatever that bone once calcified is 
, converted mto osteoid tissue by loss of calcium salts Under treatment br 
means of cod liver oil or ultra violet irradiation, ossification begins to proceed 
normally m osteoid tissue 

Radiological Features — Though nckets and o&teoraalacia are essentiallr 
identical there is one great difference radiologically Rickets affects the grow 
mg bones, while osteomalacia is found m the adult after union of the epiph'sf* 
lias occurred Rickets is thecefoie best seen where growth is taking pl^<j^ 
and the wTists, ankles, and knees are convenient for evamination 
622 
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anterior ends of the nbs should a)so l>o examined Ante natal rickets is not 
seen in the? country, but ^laxti'eU has proved that it occurs in tJie babies of 
osteomahcic women in China In this countrj’ rickets is found from birth 
until pubertj After tint tune the terms adolescent rickets or mkomalactn 
are u«ed 



The cases ^nhich arise in inf mc% are tho«o which concern the radiologist 
Tlie principal changes occur m the metophj-'es, and the earliest alteration is 
a lo«« of definition due to slight lack of 
calcium salts Tim incrcft'es as the di'casc 
progre‘^‘5cs, until there is a definite area 
devoid of calcium salts hung between the 
slightR ragged end of the diaph\‘«is and the 
nonnal ciuphjsLs In the more advancctl 
ca>^s there is a general lack of c'llcium 
•calts m the bones, recogni'od bi diminution 
m the cortical shadow and accentuation of 
the bone ivittcrn In >erj \oimg children, 
owing to the absence of marked tmlvcuH 
tion at that ago, the bone maj be Inr} 

Tlie tj’pical “saucer " apiioarnnce at the 
end of the growing bone is due to the 
absence of calcification at the mctaphjsis, 
combined with the child’s inoAcments throw* 
mg a stre*® on the joint Owing to the 
defect in the bone forming actmty of the 
jitnoeteum the edges of the bone arc not 
strong enough to present it from spinning 
Ihc '«aiJ«*r ixppcanvnce is tlescribcd 1,0 well 
bj its name that no addition is neeilcd , it 
is not well seen in the child who is resting 
m bed (Fig 44">) TIio epiphjsis itwjlf ls nn 
altered 

Healing is instructne The rone of pro* 

\asionaI calcification gradinlK roappears, the 
change being most rajwd at the pomt iicxreat the cjnphjsis (Fig 446) De 
formity is common m the region of the epiphysis, hut if there is great lack 
of calcium m the bone, the whole shaft may be bent If these cases are 
treated, a zone of thickening inll form on the concave surface, forming a 
buttress and giimg added support at the area of greatest weakness In 
the hip coxa vnra is common Usually the jiclm is generallj contracted, 
but at times it may be trifoliate Tltis latter is obviously due to the weight 
thrust of the femoral heads and sacnim 

Kyphosis and scoliosis are common sequelai In the skull the fontanefies 


'In 






l-ir 445 — Sjuiccr * ilpfonnit\ 
of Jon’cr cnil of tho rAfldto anej 
»iln» m n jwtjLiit suffi-nHg from 
Rond rickctif 
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Fio 44C — Rickets after treatment m a chiW aged 
11 months The zones of provisional calrificatioii have re 
appeared The transverse 1 ne ofdensity near the end of each 
bone marks the stage of growth reached at fho onset of the 
vhaease There Is defoimitj at the lower ends of the bones 
of the leg 


remain open for a long 
time and the bones art 
thm In advanced case' 
the lack of calcium saU» 
m the bones ivdl at tunes 
cause softening so great 
that the base tends to be 
thrust up mto the vault 
and the occiput sags over 
the neck givmg an ap- 
pearance similar to that 
seen m patients suffenng 
from osteogenesis unpef 
fecta The antenor ends 
of the ribs show the 
saucer formation while 
the nbs themselves are 
often deformed partiT 
omng to softening of 
the bone, and partlv 
secondary to the spinal 
deformities Fractures 
of the long bones occur 
The diagnosis is not as a 
rule difficult in the pre« 
ence of the saucer appear 
ance but it must be 
borne m mind that scurvy 
and rickets may b® seen 
m the same patient 
Certain cases of renal 
rickets cannot be differ 
entiated from rickets dne 
to ■ntamin D deficienc) 


OSTEOMALACIA 

to-day osteomalacia i« a rare disease Tuo types are found 
the first IS due to a diet deficient m vitamin. D and calcium salts and mav be 
refened to as dietetic osteomalacia , the second is due to deficient absorption 
and IS seen in idiopathic steatorrhcea 


Dietetic Osteomalacia 

This IS endemic over wide areas m Korthem India, Japan and horthero 
China and occurs sporadically m the Rhine Valley, Danube Valley, Vienna 
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and certain parts of Italy, Switzerland, Flanders, , and the, Balkans. 
It pre-eminently affects women, and is likely to recur -earlier .and -with 
greater severity in each successive .pregnancy. However,, it .is a mistake 
to suppose that pregnancy is essential in the aetiology ; ,it is sometimes 
seen at puberty, and is quite well known to occur, though it is rare, in 
boys and men. » . 

Pain occurs, especially in tlie back and thighs : it is aching in character and 
is woree in the printer months. The pelvis, thorax, or long bones show 
deformity in a haphazard ^vay ; one woman suffers in the pelvis, another in 
the ribs, and a third, in. both. Besides the characteristic and well-known 
change in the pelvis, marked defonuities occur in the chest and spine. Severe 
kypho-seoliosis may reduce the height by several inches, and cause the head 
and neck to sink downwards and forwards on to the chest. Deformities of 
the sternum and ribs may give rise to marked prominences and depressions 
in the chest wall. ' 

Coxa vara and irregular curves in the long bones are less common. The 
bones are soft and flexible, rather than fragUe, so that bending is much 
more common than spontaneous fracture, though both are well recognised. 
The patient develops a charact-eristic waddling gait, and muscular weakness 
may add to her incapacity. In many cases the pelvic deformities interfere 
with marital relations or with labour. Cesarean section frequently being 
necessary. 

Pathologists, chemists, and clinical workers are agreed as to the essential 
identity of rickets and osteomalacia. What difference exists is merely that 
of age incidence, Osteomalacia is adult rickets. In the industrial towTis of 
England t<>-day rickets is still a common disease. IVIorbid anato^^is^s agree 
that in rickets and osteomalacia the essential abnormality is a deficient 
calcification of osteoid tissue. This deficiency is generalised throughout the 
skeleton. In 18S5 Poinmer stated that in both diseases the broad osteoid 
seams were due to deficiency of the calcifying mechanism which should convert- 
osteoid tissue into true bone. 

The e.vperimental studies of Aldlanbi/ in 1918 and 1919 constitute the 
iiiscorerj' of ihc cause of liciists and o’^eomaiacia. He prodjxced rickets in 
puppies by deficient diets, and cured it bj' the use of fat containing the anti- 
rachitic vitamin. Sfeanwhile the anti-rachitic poner of ultra-violet irradiation 
was discovered by Huidscltinsky in 1919. In 1924 it was discovered that 
certain foods developed anti-rachitic powers when exposed to nltra-riolet 
uradiation. It has since been passible to cure rickets in children by feeding 
them on irradiated foods. It is the sterols in such foods that can take on 
anti-nvchitic potency, in particular ergostcrol, for vitamin D is a derivative of 
this substance. In 1930 vitamin D was isolated in pure form .by extracting 
ergostcrol from yeast and irradiating it in alcoholic solution as it passes 
tlirough quartz tubes. The pure vitamin is called calciferol, from its power 
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to induce calcification in tissues especially m osteoid tissue It is 300000 
times as potent as cod liver oil tv ei^t for tveight 

The blood chemistry is comparable in expenmental nekets of rats in chil 
dren with rickets and in women with osteomalacia The plasma phosphom 

and sometimes the serum 
calcium are dimmL-hed 
I Adequate treatment re 

/ stores the low figure to 

normal In the absence 
of vitamin D the utihsa 
tion of calc um and i^o> 
jjB \ pi orus is impaired The 

fy low blood phosphorus or 

/ calcium IS promptly re 

/If stored to normal by ti e 

/ I I JH[ use of cod 1 V er 0 1 cal 

/ / fwt ciferol or ultra nolet 

t I irradiation At the same 

I J Im m time ossification begins to 

I P if m proceed normally 

[. I B Radiological Featuies 

j / if H — The degree of lack of 

/ I f f [j calcification m the radio 

I . j I J grams will vary with tlie 

r y f tl seventy of the diseaw 

^ ^ Jjm 1 1 and it is therefore unpor 

/ I t^nt to use controlled 

radiograms Intheslglit 

/’y X cases the bones of tk 

// \j\i\l \ jjpw patient will be sightly 

i' If \[ \\ n \ more translucent than 

/ illiWu 

Fio 447 — Osteomalacia Woman, aged 33 years The marked and the boCC 
lack of calc um la clearly sho«w wfaeo compared with the TJattem Will bC acccntu 
normal control Pseudo iracture3(L«o8erazones)ar8prewnt espCCiallv the trabc 

culation In the severe 

examples there wall be Irttle or no difference in density between the l»nc 
and the surroundmg soft tissue and the cortex wiU appear as a pencilled on 
hne The bone pattern will have disappeared the long bones will bend an 
occasionally show fracture (Fig 447) All deformity apart from fracture 
the result of weight stress or nraseular action , 

The jielvis has attracted much attention largely owmg to the fact that c 



DISEASES DUE TO DTSTURBA\CES OF jrUXKinOK 521 


disease is often Jirst noticed during pregnancv It sho\\s practicallv nji\ 
pressure deforraitj , but chieflj it is trifoliate, o^nng to the tlinist of the heads 
of the femora and the sacrnm (Fig 448) In t!ie spine lordosLS la marked 
largely on account of the fomord displacement and doumrard rotation of the 
sacrum There is usually k^’phosls, m some cases so great that the louer 
ribs overlap the lUac crests Ilie client andnbs are usually deformed m severe 
cases The rertebraj arc biconcave and have the appearance of fisli rertebro? 
(Fig 449) It must be remembered that this finding is common to main 



tic 448 — bamo pat ent as Fig 447 Deformity oftla. pcivi la present due to the thruat of the 
femoral head^ Tlui mmi of the pubic bonea have been severed as a re^uU of the CTO&limg 

disca‘«;s where calcium deficiency plajs a part In extreme cases the vault of 
the sloill may show numerous areas of uneven translucence varying in size and 
shape but all fairly clean cut, just as they arc m myelomatosis (Fig 450) 
Brailsford has published a case of renal nckets shoinng these appearances 
If the liones of the sluill become very *5011 the vault may tend to sag over the 
neck givmg the tam-o’ shantcr airpearvnce 

Pseudo fractures have lieen pointed out in osteomalacia, and they are* 
well known in Clima Tliey appear as areas of complete translucence running 
across the bone, the edges being quite clean cut and separated from each other 
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I or 2 mm (Fig 44 j 
The«^ zones are ofiei 
referred to as Loo^Fi 
zones and Looter dt 
scribes that on num)- 
scopic examination tla 
old laminated bone 
dLsappears h\ lactm 
absorption being re 
placed at the same Inne 
in the marrow bv 
mottled bone deroid 
calcium to begm with ” 
(Kohler) 





Flo 449— «atne patient a. P »■ 44 There u extreme 
lack of calcium n the bod e<i of the lumbar ^ertebrte which 
hai e become b coi]ca\ e 


Idiopathic SteatoirbcEa 
The other cam-e of 
o'teomalacia i» idio- 
pathic Rteatorrfacea (Ct^t 
disease or cerhae ndtU). 
This duea«e occm m 
Iioth sexes and the 
hi.torv nearlr altrar* 
goes back to earir 
childhood The foDow 
mg features mav he 
present fat tv stool 
dilatation of the coJoiIt 
tetany osteomalacia 
anaemia skm lesuTik 


and infantilum Tbf* 

manifestations develop m spite of an adequate diet We ran:! ther’for® 
suppo-e that there i** «ome disturbance of gastro inte'dmal function re®ul ms 
m deficient production al^^rption or utiL^ation of one or more esrfnljal 
factors In lo ca«es inve tigated in 1932 steatorrhcea and disturbancea of 
calcium metabo!L«m Mere alone common to the whole group In 13 
out of tlie lo the «ierum calcium was low The pla ma pho phorus was fov 
or normal m 10 cd-es iji the rem&imng a it was above the limits of norma) 
Calcium balance C'^tiraation showed li^h figures for fjecal output and verv Io4 
figure'' for unnarv output Changes m the "keleton were found m all C3=e 
mve«tigated 

Padiograms of the bones «hon the diminution of densitv and deformities 0. 
o teomalaeia (Fig 4ol) A barmm enema will show the dilatation of the colon 
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SCURVY 

Vitamin C has been cheinically identified sjnithesised and named ascorbic 
acid It can now be manufactured from starcli and sold for a shilling a 
gramme Vitamin C is destroyed by lieat and for this reason dried milhs 
must not be used as infant foods without the addition of orange juice Arti 
ficiallj fed babies sometimes suffer from scurvy but it is practically never seen 
m a breast fed baby A child is unlikely to suffer from infantile scurvy before 
8 months or after 2 years of age Bachelor scurvy is still occasionally found 
among adults who live in poverty Sometimes the disease comes on m a 
patient under treatment for gastric ulcer when the diet is deficient infresi 
fruit and vegetables 

Scurvy is characterised by changes in capillarj endothelium leading to 
hsemoirhages and by diminished activity of h»mopoiesis Thus anajmia may 
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occur opart from lijcmorrboge In mfuilile scurvy the bones are affected 
In addition to subpenosteal hjemorrha^e there is ce«^tion of osteogenetic 
activity arrest of endochondral ossificrtioti but no deficiency m the calcifica 
tion of the matrix of cartilage These changes result m osteoporosis sometimes 
with spontaneous fnctnre 

Radiological Features — Radiologically there is little difficult\ m reeog 
nismg a marked ca«e of the disease In le&s sdvere cases it is more likely to 
lie overlooked than to be incorrectly diagno ed 
Tlie limb involved may be acutely painful so that p" 
periodically infants are sent to be radiographed 
■with a dia^osis of pulled elboav or injitrj to the 
leg and are found to be suffering from seiiny 
Tlie most convenient jomts to examme are the 
■wnsts and ankles but the commoneat positions in 
winch to find subpenosteal liasmorrhages are the 
loner ends of tlie humerus and femur Tlie 
anterior ends of the ribs give a characteristic 
picture and should alwajs be exaonned The f 
earhest sign m a radiogram is loss of den‘«Uy and 
pattern of the cancellous bone so that this region 
becomes homogeneous and hazj (Fig •<o2) 

The cortex is thin and seems more obvious 
than usual This gives rise to tlie apt deserjp 
tion that the bone is seen as a ground gla'^s 
area surrounded by a pencilled outhiie It aloo 
tccowits for the epiphjsis appearing as a ring of 
cortex ivith a structureless centre In more 
advanced ca‘?es an irregular Ime of relatively 
dense calcification forms at the epiplivseal end 
of the shaft This is the zone of debns the 
Tnivimerfeld one orihevIiiUltneofFraenfel It 
is aetuallj an excessive!} thick irregular zone 
of x'rovisional calcification for the pro-visional 
changes inoludmg calcification of the cartilage 
matrix are not inhibited in vitamin C deficiency 
To the metaphyseal side of this dense zone is a 
zone of relative translucence called the Gerusi 
marlrone of Lehndorff Tins is due to partial 

anest of osteoblastic activity a direct effect of ciuld aged two yea^nUgU 
vitamin C deficiency It is at this area of weak months Lack of density an i 
ne«s that the bone tends to gne way Its width Josaofbonefiattemisapparcat 
indicates the length of time that the condition has eppbyses 

, ^ j X.L » appeanmee of crushing at 

been present and the «evetitj of the di-^ase the cads of the shafts « 

V 
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There may be slight lateral displacement of the epiphysis and the adjoining 
dense zone at the end of the shaft (Figs 452 and 453) Bones showing such 
displacement heal -nithout deformity and need no treatment to correct tlii> 
apart from the correction of the dietetic error 

Just as the shaft shoes an area of increased density at the epiphyseal 
junction, so may the epiphysis show a ring about its centre This is called 
11 imberrjer's sign and appears as an area of irregular density about the central 



Fio 453 --Scun-y m child age I 10 montba Showing subpenosteal hsemorrhage and it* 
lateral spur formed b> the bone at the end of the shaft giving way 

nucleus of the epiphysis m hich is more translucent than usual and gives the 
ground glass picture described above This is best seen m the hones of the 
carpus and tarsus, especially the os calms and astragalus It is not a sign on 
which great stress can be laid , it probably corresponds ttith the lines of arrest 
of growth due to many causes which are seen in the long bones These trans 
lucent areas in the epiphyses are seen as long as five y ears after the disease has 
been arrested In advanced cases when the translucent zone of the shaft has 
given way, the end of the bone gives an impression that it has been crushed or 
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impacted T]»ife cnishmg sometimes mth disphccmcnt, gi\ cs rise to a slndon 
like a spur nt the diaphyseal extremity This is referred to “by American 
authors aa the lateral spur of Ptllan It is not a true spur, but is simply the 
result of the weakness of the translucent osteoporotic area and slight displace 
inent of the den'^e area 

Subperiosteal haemorrhage may show itself m tiio vats If the bleeding 
IS recent and considerable the jienosteum u ill be stripped from tlie bone and 
may be seen as a fusiform area of very slightly increased density v. ith a thm 
linear outlme If the li'emorrhage is of longer standing it niav be partialK 



il lol — Scur\-j !□ A cl Id of el««w montlu Tlie ospansiori At tj c ends of tie tiIm t 
seen in addit on to the chnn^e^ at f i e upper en U of the h imeri 

orwhoUy calcified xnduilltlien«howasadens-eshado\\ surrounding the bone 
or joint (Fig 453) The anterior ends of the ribs give great assistance m 
some cn'ies the tips become epatulate and expanded to almost twice their 
usual size The extremitj is round and eaadi distinguishable from the 
saucer shaped end of the rachitic nb (Fig 454) 

The Dieferextial Diaoxoms is not always easy and coHg»>nifal syphilis 
would gne rise to difficulty were it not for the diflerent age incidence 
In tlie latter disea-se tiio periostitis and the irregular density at tlie ends 
of the bones are confused inth the subpeno'iteal luemonrliage and dense 
zone of scurvy Congenital syi^ilis occurs in the first few ireeks of life, 
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and its manifestations are usually bilateral Scurvj may attack more 
than one tone l>ut it is by no means symmetrical, and the hsmorrhages 
'are fusiform whereas syphilitic periostitis tends to raise the penosteum 
evenlj and uniformly The dense area of congenital sj'phdis is more 
imcTcn than that of scurvy, and the bones sho\\ no “ ground glass 
texture Rickets should not ^ confused ivith scurvy in the presence of the 
‘ saucer shaped ” ends of the shafts of the bones The dense zone of «cum 
and the deformity of the ends of tbc bones should leave no difficulty Hie 
ends of the ribs should be examined if there is any doubt Poisoning by lead 
and ‘phosphorus and litoUd neleis show very clean cut areas of density, which 
are characteristic In these conditions there is no alteration m the bone 
structure In the marble bone disease of Albers Schonberg the widenuig of the 
ends of the bones, ab«ence of loss of calcium, regularity of the zone of density 
and absence of the zone of decreased density will decide 
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DISEASES DUE TO DISTURBANCE OF AIETABOLTS'M 


GOUT 

Clinical Features — Gout is a constitutional disease in u Inch joint symptoms 
are douimant Its c\oIution is usually characteristic The first attack occiu-s 
after the age of 40 its onset is sudden it generallv lasts onl^ three to seven 
daj's and then disappears conipletelj A large toe or with almost equal 
frequency another joint may have been affected — an instep heel ankle oi 
knee After a year or two another attack appears often more severe and of 
SCI en to fourteen da js duration It too disappears leaving the jomts normal 
Sooner or later the disease increases in seventy and attacks occur every feu 
months At first attacks are monarticular laterattacks raaj bepolvarticulai 
another region being affected as the first recovers After a variable time the 
fairly shoit attacks of acute orthntis disappear leaving the patient normal 
ilanv jears — the average being twelve — after the first attack an important 
change occurs the jomts no longer recover completclj and the disability may 
become chronic Thus is initiated the second stage of gout namely chronic 
tophaceous gout In this stage the joints are liable to acute eaacerbations uith 
incomplete xcmissions Fmally evacerbatious cease and the patient presents 
ra^hapen extremities with multiple tophi yet the joints ore relatively pamless 

About 98 percent of patients uho have gout are males In a uomaii the 
diagnosis should be made with caution but can be based on the same features 
as those of gout m males Acute gout is tlie commonest form of acute 
arthritis among men over 4f) and should always bo borne m mmd after e\ 
cluduig gonorrhcea and acute trauma Although attacks may begin at anv 
hour they occur characteristically between 2 and 7am and the onset and 
«r?e•reA5•pi■f^s«^ sttack ocewr 

No other artliritis dovelojis so abruptly to reach its maximum wathin one 
( r two days The pam sometimes mild or modeiate is often excruciating 
beyond that of any other type of arthritis Tlie affected extremity is more 
frequently hot bluish red and shmj than not and contrasts mtU the coltl 
clammy bhush w Inte sw ellings of rheumatoid artlintis Shiny skin cetlema 
with pittmg and desquamation of the skm as the attack subsides are often 
notable Acute gout is irone to appear after dietary indiscretions but 
may affect vegetanans and teetotallers An attaci may be precipitated bv 
trauma exposure to cold or a surgical operation 

Gout tends to involve ceitam extra articular tissues especiallv the ole 

.>3 
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cranon bursa Renal colic raaj occur from urate stoi es or gravel The suj 
posed li gli mcidence of gout a centun ago may liave b-’en false but certa nlr 
to-daj it IS uTong to call the disease rare Its incidence is from 5 to 8 per 
cent of cases attenduig special arthritis clmics 

Radiological Features — w not until the disease is advanced that rad o 


logical clianges can be demonstrite 1 


and for tins reason the rad ograms in 
the majoritv of cases of 
gout show no abnonnahtT 




In mil cases the 
disease mav remam ron 
fined to the hand's and 
feet and m these caiC' 
snnll area? of bone 
appear to have been 
j unched out from the 
articular margms of the 
bones usually the pha 
lai ges Tliese areas are 
due to deposits of sod urn 
biurate and the 
punched-out appeal 
aiice mav be taken as the 
earliest sign of gout ■Is 
the condition adraueei 
and deposits m soft tL ue 
and bone become more 
numerous areas of trans 
lucence vrdl appear in the 
shafts of the pi alange^ 
metacarpal an 1 meta 
tai-sals affected At firt 


thev are small and <h- 
*» Uiit frmfliTallv thei 


flecks of cal fled $na enal n t tb) lATge p ncIwd-oMt incre«i'^ in 8120 and Wl® 
areas w th marginal 1 ony spu s aboul the nteipl alangeal j become 

^ honeycombed CoUap'e 

oftbe shaft and disoTganisvtionof joints may result the bone lesioui togetler 
with tl e tophi in the soft tissues give rise to the fai tastie deformitiea wh c 

lesult A large uncalcified depo it mav erode the bones formmg a joint sina 

spurs of bone are then seen at the maiguis of the erosion (Fig 4oo) 

In certain instances the deposits both m soft tissue an I m bone mav 
undergo calcification and become flecked vv th si adovrs of calcium salts or 
the nbole mav be rendered opaque In tins vvav the goutv o 
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stone,” common m the da\s of our forefatheTS, but nOA\ rare, may be 
demonstnitecl radiologicallj 

Differential Diagnosis )>etueeii tlu« dt^ase and cliondromata and 

aichondromala maj 1x3 difficult but the presence of the “ punclied*oufc ” areas 
and the fact tlint m gout the lesions do not necessarily arise centralL in the 
^Inft of the bone maj help The histojy and clinical esomination unll decide 
Other di«ease8 svhich inaj cau'>e confusion are some fonus of luherculoxis 
tUtclyliUn and osteitis t\ihf.rcvlof‘a iMdhjdex cpstica (Bocck s sarcoid) 

THE LIPOID GRANULOMATOSES 

Tlte asNociation of lesion-* m the mcmbrino bones of the skull u ith diabetes 
iiHipidus and exophthalmos uas first ascrdied to some form of djspituitarism 
but enough ja nou knomi to place it m the group of general metabolic ths 
orders Tlie term lipoid granulomatosis ” is fipplie<l to ca group of diseases 
m all of uluch there is a disturbance of Iipoid metabolism, manifested bv 
deposition ofJatt> subatances m ccH-* of tho reticnlo'endothehal system As 
the Upoid puh-tances approacli neater to the chemical value of ordinorj fat, so 
the tumour misses appear more jellowidi and thus are sometimes called 
\anthonnta I^-ohted xanthomata maj appear in tho ends of long bones and 
m connection uith tendon sheaths and bursae B} some uriters thej huae 
been regarded ns giant celled tumours and confused with osteitis fibrosa 
Tho group of hpoid granulomatoses includes GAUCiitiv's DisUASsB m aviuch 
the hpoul deposit is ierasin , the ^CIP5fA^^ Pick Disea«ib m iNhieli it is a 
jiftospAutide , and VANTiioifATOSK SciiULtEn CiiRisriAN SiMmojtE uhere 
cltolesUrol is resjionsible Amaurotic family idioc) is thought to belong to 
this group TJie histologi of each pre-ents a elnractenstic tiiie of cell 
common to all the foam cell uluch has a vacuolated cjtoplasm, the vacuole-, 
of uliich in appropriatelv stained fresh sections can be demnn'itrated to 
contain the corresponding lipoids The distribution of mfiltmtiou m different 
organs is responsible for certain distingmslung characteristics m each di‘iei'»e 
In all three the liones maj beafFccte<l andthespleen liver, and even lungs are 
possible sites 

Xanthomatosis 

In xanthomatosis the patient usually seeks advice on account of polyun i, 
but pain or exophthalmos may be the ongmal cause of medical exammation 
The exophthalmos depends on the destruction of the bones about the orbit, 
especially the roof, and the dialwtes insipidus on the fact that the pituitvrj 
legion IS invaded and the tuber cmereum involved 

The mtricramal pressure maj be increased and the sutures separated 
The long bones may be affected as i\ell as the flat, and m some cases the skull 
escapes entirely Snapper has two cases where the bones have been affected 
but the skull has escaiied <50 that there is no diabetes insipidus IVe have 
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studied three cases in uhich bones were involved and though polyuria \ as 
jiiesent no bone lesion m tl e si uU could be demonstrated m radiograms 
Tlie ages of cases liave varied from 2 to 55 years but it is commonest 
111 the young The patients if eh Idren are imdersized Clinically defimte 
lumps are found about the bone lesions Radiologically the skull attracts 
most attention and areas of bone destruction ate seen most commonly in tl c 



Fio 4<jQ — \anthomatos g Tjp cal large map 1 ke area of bone destru t on in f 
fronto par etal area w th smaller areas n the temporal and per etal bone^ n a young child * 
of ntciest tl\at tl e occ p tal bone haa not escaped m ol envetxt 

fronto par etal region and the base and especially m the vicm ty of tl e 
pituitary fossa The occij ut usually escapes Both tables of tl e tault are 
equally involved the edges are clean cut but uneven there is no suggest on 
of periosteal reaction or repair The areas vary in size and graduallj become 
confluent (Eig 4oG) forming the map Id e appearance (carte geograp 1 
and malang tl e whole slaiUsoft and uneven (crone ere The luvolvemen 

of the base may be clearly seen and can be rccogn sed by the lack of ca ciaa 
The invasion of the orbits is not easy to demonstrate but can be shoivn m 
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marked cases The inaxiHa and mandible do not escape and this accounts 
for gmgmtis bomg an early manifestation 

Tlie flat bones of the other parts of the body are commonly mvohed 
especiallj thopcins though the long bones are by no means immune (Fig 457) 
Wien a sohtarj area is exammed the appearance m the early ‘dage is usnallj 
raistal en for a lo-w 


grade infective pro 
cess m uhich there 
IS no local reaction 
that IS a solitary 
area of erosion irre 
gular m outline and 
^vitU no reaction 
As tiic process ad 
\ances nou sites 
are invaded and 
the areas become 
larger and may shou 
a feu strands of 
coarse tmboculatiou 
the edges are clean 
cut and inegular 
They may be indis 
tmginshable from 
areas of fibro cystic 
disease Destruction 
of bone is usual but 
occasionally the 
lesions opi>ear to 
undergo sclerosis 
and this may have 
given rise to the 
statement that oeca 
sionally m children 
cases undergo spon 



Pio 457 — -TCanthooialos 3 T«o areas of Ceslruct on abo t the 
ardtabulum and on at tha lo «vr part of tl a sacra I ac {o nt n a 
iromsa ag»d 33 wtb a llstory of four j ears pol^iira and two 
months pain in tbe left hip Thwe areas healed completely vil en 
treated bj X rays 


taneous cure 


In the long bones and ribs fracture^ may occur at the sites of the lesions 
The deposits may mvolvo the rcticulo endothelial system anjaihere m tlie soft 
tissues but It IS only m the chest that the radiologist is likely to detect them * 
■when small areas of scattered density may bo seen m the lung fields 

Ditferential Divgnosis is ea^ both clinically and radiologicnlly in a 
typical case but neoplasm of il e skuK must be excluded tins difficulty is onh 
likely to arise Mlien the condition is confluent In tlie earlv stages myeloma 
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tosis must bo ruled out, but m this latter condition the le&ions are usualJj 
round and not irregular , tlie unne must be exainmed for Bence Jones protein 
In renal rickets tilamm D deficiency, and osteitis deformans, in the skull 
there is a lack of clarity, so that the whole appears uoolly The other 



Ivoucs should gvTe the 
diagnosis In the long 
bones and flat bones m 
some cases it is impossible 
to differentiate betueen 
xanthomatosis and focal 
fbro cystic disease 

Tpeatmcnt — ^The local 
lesions m xanthomatosis 
tend to yield to X rav 
therapy temporarily 

Gaucher s Disease 

Gaucher’s disease may 
be familial It is charac 
tensed by splenomegal} 
an®mia, enlargement of the 
liver, and sometimes throm 
bopenia Tlie substance 
deposited m the tissues is 
kerasm — a galacto hpin In 
1922 Pick diaco\ercdagross 
osseous form of the disease 
uith angular curvature of 
the sjiine and patliologicai 
fractures If the bones are 
examined all the typical 
features of lack of calciuni 


t'lo 4^8 — Kailiogrsm of a case of Gauchei a cliacaae 
taken on the same film with a normal control Thn 
iliagram illustrates the degree of widening of tbo lower end 
of the femur (Fro/estar Snapprrt ) 


are seen owing to hpoi'l 
deposits Eadiologically 
the affected bones show 
osteoporosLS and thmnmg 


of the cortex, uhich may m extreme cis^a become expanded 

At first sight the condition is likely to be mistaken for focal osteitis fibrosa 
cystica affectmg several bones, but there is no evidence of true cyst 
tion with typical areas of expansion and strands of trabecuJation (Tig 4 j ) 
The diseased bones may show signs of compression, and this is best seen 
in the head of the femur The lower ends of the femora may be widenc 
evenly, and tins is said to be characteristic The skull may be jniolrcd 
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Niemanri'Pick s Disease 

This Tare ^vab described by \jemanji m 1914 , it is found in 

joimg children usually girls of Jewish p'lrentage The proportion of affected 
females to males is quoted as 6 to i The chief features are enlargement of 
liver and spleen and wasting the child does not usualK survive the age of 
2 jears The condition is act} anmhr in appearance to Gaudier s disease, and 
Ptcl quotes A temann as sa\ mg that the primary difference dejicnds on the 
earh age at uhieh the di-ease appears, and the rapid course As m Gaucher s 
disease areas of rarefaction znaj appear m the long bones and these are found 
to contain a pho'.phatide Widening of the femora lias not been recordetl 
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GENERALISED OSTEITIS FIBROSA HYPERPARATHYROIDISM 
Clinical Features — Generalised osteitis fibrosa is a disease whieb progresses 
^ith pain fractures and disabling deformities and if untreated is usasllr 
fatal There is widespread pathological resorption affecting all the bones 
In addition there are multiple foci of osteitis fibrosa with or without benign 
giant celled tumours and cysts It is a disease entity distinctly different from 
focal osteitis fibrosa Besides symptoms due to changes m the bones there 
maj be hjpotonia and muscular weakness anorexia sometunes with nansea 
vomiting and abdoinmal cramps polydipsia and polyuna renal calcnh 
sometimes with colic and hacmatuna wasting m advanced cases high serum 
calcium low plasma phosphorus mcreased output of calcium in the nnae 
and evidence m radiograms of generalised osteoporosis of the skeleton with 
or without deformities cysts and tumours It is more than twice as common 
m women as in men and it usually appears between the ages of 3o and fio 
Tlie number of recorded cases which have been arrested or cured by remoral 
of a parathyroid tumour la now mote then fifty This operation brings about 
dramatic changes iTsually tlie pain in tlie bones goes immediately In 
many cases polydipsia and polyuna are promptly abobshed often there is 
disappeardhce of gastro intestmal symptoms gam m weight and strength and 
ability to resume work Decrease m size of osteoclastic tumours ol bone 
within a few weeks of operation on the neck has now' been many tunes recorded 
and as a rule the lei el of the serum calcium and plasma phosphorus and the 
excretion of calcium m the urme ore restored to normal 

Radiological Features — ^Radiologically the most striking difference be 
tw eeti this and the focal type is the great lack of calcium throughout the who e 
skeleton so that extensive deformity often results and the bones may brea 
The cortex loses its ivory characteT and may be reduced to a thin uneven 
linear shadow The medulla becomes less dense with resulting accentuation 
of bone pattern at first but later the cancellous bone tends to fade entire y 
The skull show 8 a finely mottled appearance mth smallareasof boneofuorm 

density surrounding areas of relative translucence This is well seen m 
outer table Pale cyst like areas may be seen scattered about the 
The vertebrie may be biconcave lik<^ fish vertebra? and they may he re o 
m height The cysts are sun lar to those seen in focal o^deitis fibrosa 
that they are often smaller and usually cause less expansion of the cortex 
512 
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tunes the cj-sts ma\ be difficult to see, «« great is the lack of calcium m the 
surrounding Iwne The cjstic changes occur late m the disease, and their 
presence is not essential to the diagnosis (Fig 439) 

All the bones of the body raaj lie affected even the iiimlangc«i of hands and 
feet (Figs 460(1 and 4C06) The pelvis shons pressure deformities due to the 
tlirust of the femoral lieads C>st like areas ore common m all the peliic 
bones Tlie femora and nbs ma> 
bend and collapse The eveessne 
excretion of calcnini maj give rise 
to ealenb m the nrinarj tract and 
this should therefore be evainmed 
On radmgraplnng the chest and 
neck It must be borne in mmd that 
a parathyroid tumour nnj von 
greatly m sire and position 
In more than one case its shadow 
has been found m the Tne<lia^tinum 
I ack of density of the bones 
'•hould oittke it clear that the ca«c 
IS not one of focal osteitis fibrosa, 
and therefore controlled radiograms 
should alw’Tij's be taken 

Oifferenhat Diagnosis — The 
chetmeal findmga are the deciding 
factor m the differential diagnosis 
In certain ca«cs it is difficult to 
differentiate between hv^ierpara 
thyroidism mtb few and mcon 
spicuous cysts and osffotnalacitt 
A careful search must be ma<le for 
cjsts and the clieniistrj invcsti 
gated In os/eUts de/onnans the 
radiological picture is definite and 
the blood cheraistrs normal Mul 
Uph mpdomatosis ma^ cau'O di0i 
eiiltj owing to wadespread o«teo 
porosis , the serum calcium is usuallj normal but is occasioiiallv raised 
The progress of the disease shonld be checked radiologicoli\ after 
removal of a parathyroid tumour In certam instances a farther tumour mat 
l« precient, and may only be detected after it lias been found that the remoa-al 
of the first has not brought alxmt relief of sjTiiptoms and restoration of the 
chemistry to normal (Figs 460a and 4606) 



tic taO —tlyperpurathjTDi lisro Cjstfonna 
<«oi\ and poor tjalciRralioix in the> l>oi es oftlio 
forrarm ctwaparoj wifJi n norniaJ control 
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Fig 4CCI(a) Hyperparatl yro d sin Extreroeosteoporos s compared witl the normalcontrcl 
w th thmnmg and bend ng of the bones in a woman aged 41 ^ote the large cyst c area m the 
tn ddle raetacaipal cans nj pressure defomnty of the ne gbbouring > ones 

THYROTOXIC OSTEOPOROSIS 

It IS of course known that thyroxme raises the basal rate of coiubustjon of 
^rbobjdrate fat and possibly protein consequently appreciably increasing 
the total heat production of the organism Its effect however on inorganic 
salt metabohsra has been worked out only recently In cases of thyrotoxicosis 
t e serum calcium and plasma phosphorus figures are invariably normal but 
the calcium excretion may be raised as high as eight tunes the normal In 
some of these cases extensive osteoporosis of bone occurs by the mechanism 
of osteoclastic lacunar resorption The absence of calcium is generalised and 
gives a picture of loss of density with thiimmg and pitting of the cortex and 
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^ccentt33tlon of the trabecular pattern In our experience controlled radio 
grams of the bones m thyrotoxicosis reveal poverty of calcium in less than half 
the cases examined (Fig 461) In ca«es of hyperthyroidism with sjiontaneoDs 
fracture there may be mdiognphie evidence of O'^teoporosis not only m the 



tic 4C0 (b) —Hj-periwrathyro di.ro Ssn e c«-<e a* Fig 4ro (a) IS inDntlid After rorooval nf 
parsti jro d tumour Tlic Ic is ty of tJie fwjn** hM almost «mipI<‘teJv rptumod an I the evsts 
are d sappearmp 

fractured bone but also m nil other hones esammed TJie process may at 
time*^ be uneven and Snapper Ins had a ca«e where this unevenness is very 
niathed During treatment with lodme and ofter subtotal tiijTOidectomy, as 
the patient improves and the basal metabolic rate approaches the normal the 
ifilcnim excretion al«50 returns towardsnormal The density oftheradiographie 
XRTTT — 35 
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sliadows of the bones may then im 
pro\e HoMe\er inrtial thyroidec 
tom> does not necessarily ensure tins 

INFANTILISM 

It IS to be noted that dwarfisn 
may occur m a person uho is by no 
means mentally or sexually infant le 
Tills IS the case for example a 
acliofidioj lasia It is important aU 
to lecognise that pygmy races form an 
example of pli\sioIogical dwarfisn 
the best 1 norvn being that pygnij 
tribe of the Belgian Congo Infan 
tilism implies duarfism xiith in 
addition the persistence of infant le 
characters and a general retardation 
of development bodily mental and 
xGxual It is impossible to make a 
satisfactory classification of the causes 
of infantilism since we Itiow so Ittle 
as to the factors responsible for normal 
growth In mant cases no cau'ie is 
evident In others the failure m 
development has followed son e 
definite disease and lastly there arc 
cases of direct endocrine origin Syi>hilis chronic nephritis alcoholism lead 
poisoning congenital heart disease malaria and hookworm disease may all 
cause delay in dexelopment and in the onset of puberty 

Lorain Type of Infantilism — In 1866 SJiaaffhausen of Bonn desenbed 
a dw^arf 61 yeais of age wJio measured T7J inches had the face of a chi! 
bilateral cry|)torchidism and ununited epiphytes Tlie permanent teeth ha 1 
erupted at 22 years of age In 1871 Lorain m connection with infantil m 
occurring in the children of tuberculous parents gaa e tlie following description 
of the syndrome which now bears his name A slender fair well proportione 
figure of ailolescence before the changes of puberty have occurred the leg^ 
being long out of proportion to the trunk and the epiphy ses delayed m junctwn 
The features are w ell drawn and there are no abnormal deposits of fat 
skm and hair are smooth and fine the liands and fingers delicate 
genitals are under developed and the secondary sexual characteristics ar® 
often absent The mteibgence is usually not impaired The aoice 
mfantile The teeth erupt late and the pennanent teeth are sometime* s 
unerupted at 25 or even 30 years of age 


lie 401 Tlyrotoxe o»teopo o s m a 
g 1 aged 10 yearn who suffered from wcv 
1 yperthj ro 1 sm e tl enlargement of the 
gland for a n mber of year^ {« th control) 
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Fi« Je’ — ^Infantilism of the Lora n type jn a lioy ag€>d 2f jeara The bones are very 
email comparad %ith those of tie normal control cmtl Ue ep pbyaea of the metacarpal^ 
an 1 phalanges have not yet appeawl 


It IS this condition which was aftennrds called alelewsis by Eastings 
Gilford The cause of tlie syndrome is unknown Several cases may occur 
m one generation Such dwarfs are often seen on the stage Tliej are 
sometimes verj mteUigent and their mentaUtv is then very interesting 
11 alter de la Mare who l-new one jntimatdv, has written about her in in'! 
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Memoirs of a Midget They are usually though not alwajs sterile An 
ateleiotic motlier has been known to giTO birth to a premature child rvh ch 
ultimately grew to normal adult size In Simmonds of Hamburg founl 
atrophy of the anterior lobe of the pituitary gland m a dnarf of the Loram 
type who belonged to a performing troupe The posterior lobe nas histologi 
cally normal but the anterior lobe was almost entirelj replaced by fibre « 
and cyst formation He supposed on evidence which seems inadequate that 
the condition avas due to embohsm Similar features maj be seen m patients 
suffermg from supr^elhr craniopharyngioma Usually in these cases the 
subject does not shoav such definite retardation of grow th and there anil be 
clinical signs of an intracranial lesion fhe subject is fully dealt anth m 
Chapter II 

RADiOLoaiCALL\ the bones appear normal in all respects except size 
The epiphyses appear late (Fig 462) and union ls delajed ui varymg degree 
In many cases un on never takes place Tlie sella turcica is within the luu ts 
of normal The skull conforms to the childish shape w ith promuient forehea'l 
and panetal eminences The sutures including the basi sphenoid reniain 
open The teeth arc erupted late If a suprasellar tumour is present the 
pituitary fossa wall be enlarged or suprasellar calcification may be present 

Cretmistp — Endemic cretmism occurs wherever goitre is prevalent It is 
a coigenital thjroid deficiency appearing m the child of a goitrous mother 
It differs from sporadic cretinism in the fact that the patient usually sho s 
a goitre Sporaic cretmism should be suspected m a child o\er weight at 
birth. Othcrw ise it is rarely recognised before the child is C months old It 
13 noticed that the patient docs not grow so rapidly and is not bnght 
mentally The face is large and bloated the ejelids are pu^ and swollen 
the al® nasi are thicl ened and the nose is depressed and flat The tongue 
looks large and hangs out of the mouth Dentition ls delayed The hair 
miiy be thm and the skm dry Tlic abdomen is swollen the hands and feet 
ate ungainly and the face has a waxy sallow tmt The fontanelles remain 
open and there is muscular weakness In the supraclavicular regon are 
large pads of fat The child showw iioor mental development and m some 
cases is a complete imbecile 

RAPioxoGiCAtLY m the endemic cases the bone? are short and thick an 
the epiphyses appear late and tend to be irregular and deformed They are 
often fragmented Tliere is delayed union The base of the skull is a wr 
mally short and the maxilla is promment The total width of the skul *- 
greater and the bones thicker than normal There is delayed ossification o 
the vault Wormian bones are frequently seen Tlie sella turcica 
large The vertebral bodies are reduced in height Deformity of t e 
mav take the form of coxa vara or coxa valga . 

Untreated cases of sporadic cretmism are very rarelv seen m 
and so observations must be limited m the few ca'ies of young children 
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mfaBts -which Ave have seen, a hand of extra density, similar to that seen in lead 
poisoning, may occur at the growing ends of the bones. This-hand -varies 
width and density and disappears slowly when' treatment is given. It 
possible that this is the converse of the osteoporosis seen in hj-perthyroidism. 
Presumably, unless treatment is given, the density -will increase from birth 
onwards, so that the bulk of the bone will become extra dense (Figs. 463a and 



(«> I'o 

Fic. -163. — (a) Cretin (untreated) at tiie age of y-eHRt^oningttiezoucorinCTeaacdUenMty 
at the en<U ot shaft. (6) The same child at age of 4 ^ears opd after adetjuate thyroid 
treatment. 

463i>). The conditions for -which it is likely to be mistaken are lead iJoisoning, 
osteopetrosfe, and hyj>er^’itdmino3is D. Tltc general^appwirdnce of the child 
is the best gujde to the diagnosis of cretinism, 

Mongolism-^This condition derives its name from the api)earance of the 
child. The eyelids are slanting and the wide apart, the face is 

broad, the hair straight, the skin sallow, and the mouth open. In stature 
the cliild is small ajfd usually broad, with a mentality well below normal. 
The condition is congenital, and the chfld affected is usually born to parents 
^sho are advancing in years. The diagnosis is self-evident. Tlie cause is 
unknoum. ' • ' ' ‘ ' 
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THE BOXES AND JOINTS AND SOFT TISSUES 


RAmoLOotCALLi the bones are seen to be short for the age of the child 
ossification is delayed The chief changes are seen m the hands The thumb 
IS often short and the middle phalanx of the fifth finger is short and curved 
It is not uncommon to find epiphyses at both ends of the metatarsals and 
metacarpal? In the skul! the sntures remam imunited for an immuallv 


long tune 

Renal Dwarfism — Chronic nephritis beginning in early childhood is some 
times associated with dnarfism In such cases dwarfism may exist alone 
or may be complicated by nckets mth the corresponding enlargement of 
the epiphyses beading of the nbs and genu valgum The mechanism 
produemg the bone deformity is not unebrstood The renal defect causes 
phosphate retention which progresses with the nse in blood urea As 



Fio 464 — Renal dwarfum The rachitic 
typo m a boy aged 14 jesra 


the plasma inorganic phosphorus 
rises the serum calcium falls and 
defective bone apposition results The 
age of onset is m late childhood up 
to pubertj Poljdipsia and polyuna 
may be present and albumm is foun I 
m the unne Cardio vascular hyper 
trophy IS slight or absent The 
dLsea«e is alwajs fatal 

Parsom and Ttall describe two 
types of skeletal change — ^rachitic and 
woolly or stippled Deficient calci 
fication of the bones is common to 
Ix>th types but is more marked ui the 
woolly type IVrists ankles knee< 
and skull should be examined 

Is THE RACiimc Type the changes 
resemble those of rickets but the 
saucer formation is not so marked and 
the ends of the bones are not » 
splayed One of the earhest signs b 
a slight widenmg of the space at the 
epiphyseal junction (Fig 4C4) As the 
condition advances the end of the 


diaphysis becomes ragged and the space widens still more until the ap 
pearance approximates to that of ordinary rickets The epiphyses are delays 
m appearmg and unitmg The skull shows no changes apart from delayw 


closure of the sutures 

The Woolly Ti pe is unlike any other disease m its appearance, espec y 
at the growing ends of the bones There is lack of calcification and the tra 
culm are more obvious than usual The metaphysis shows uneven ossification 
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niul loKS of definUion ; licnec the tenns and "Btippted." The 

Ixme ju^t Tinder the periosteum m the region of the inetapJiN I'i'? often ca«tf s no 
shadow at all, and tliis is aptly dettrified by 


Trnll ns resembling a jxist rotting in llic 
earth If this proco'^s lie confined to one side 
of the !x>ne. the sliaft mil tend to eollipee 
and close tip the defect, thereby gtring n 
Tcry typical deformity. We have focn this 
nfFcct the whole width of the lionc, so that 
tfie opipltTvis, with jiart of the diapliVMS, 
liec-omcs tvcparatcd (Fig. -tCa). Fractures of 
the shaft may occur. The changes in the 
skull resemble tho«c of osteitis deformans, 
with thickening and separation of the tables 
of the vault and scalteroil areas of nneveii 
density (Fig. 400). Tlic twee appears to be 
thickened to a gre.iter extent tlian in osteitis 
deformans, m which the \*auU is chiefly 
«flecte<i. Oteitih deformans, of coiirec, docs 
not oenir In children. 

Kills and Knins have i>hf»wTi that, hi 
addition to chronic ncfihritis, a lai^c jicrcetit* 
age of renal ilwarf* Imcxs marked dilatation 
and liyiKrtrophy of the bladder with \aiying 
degrees of hydronephrosis and dilatation of 
the ureters. Fourteen cases out of wjvonloen 
examined showed these changes. Tins dilatn* 
t mn of the urinary tract c*amiot lie es^dained, 
but it may lx* duo to achahsia of the 
tjrelhro'xesjeol sphincter. It can lx* dcnioii' 
>trated by pjclography, titber retrograde or 
intraxcnous, and cystography. Tlie diflcren* 
tinl diagiiooison mdiologieal grounds iictueen 
onhnary rickets and the rneliitic tyjieof renal 
rickets IS thnitiiU, if not ira{K>>*iWe. Tlie 
\ujolly tT^x* is pathognomonic, being j)ccwhar 



to till, lii-.-aw-. 'riic only other miKlition t«_ii™.l 


remotely resembling it Is congenital at-philis. •wjHj tj-r-sinsfioyof isjcafn. 


where there i« irregularity at the metaphysw 


IIowvsxT, the nb«cnec of itfriostitis, lack of syramctiy, and the Bubpcrio«tcal 
defects in the long Ixmes should decide the cattle. Failing the«e signs, the 
skull should be X-rajvd : If it is involved, the diapiosis is cisy. 
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THE BONES AND JOINTS AND SOFT TISSUES 


GIANTISM AND PRECOCITY 

The growth hormone of the pituitary, the gonadotrophic hormone, and tJie 
sex hormones may be concerned both in precocity and in giantism. Two 
effects may result; firstly, premature union, of epiphyses, and secondly, giantism. 
When the lesion is in the adrenals, gonads, or pineal, sexual and mental 



Fro. 4C0. — Renal dwarfism. The akutl of the eanto patient os in Fig. showing changes rc* 
sembling those of osteitis deformani. 

precocity appear and there is premature development of secondarj' se.v 
characters. The genitals are usually large. Adrenal tumours tend to accw- 
tuate male characteristics, so that girl children develop facial hair, the ho 
conforms to the male shape, and the clitoris enlarges. Pineal tumours usua \ 
affect boys, while tumours of the gonads are common in girls. 

P^AtuoLOOiOALLY, the ossjfication is seen to be advanced and ^ 
epiphyses appear and unite early. For this reason giantism is not seen m tnc- 
cases. Ze Marquand and Russell report a case of pubertas prscox m ® ^ ^ 
associated with a tumour in tlie floor of the Srd ventricle. We have a sM ’’ 
case allowing a calcified mass in this region. The epiphyses have appeared very 
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tnrlj nnd nrc mutmg \\ith the shaft, mam ^^n^8 m advance of the rccogniJMjd 
age (Fig 4C7) 

Ihc FO called cnnuclioid gmnt shows a dela\ in union of the epiphjscs 
following their hte npiieannce Tlic subject »a abnonnan\ tall, slender, and 
of poor pht>ique Tlio genitals are infantile and secondan sc:i characterB 
either do not deielop, or tictolop serj hte Tlic pomdotrophic hormone la 



Vl( in'* I mvK-itV in A (>■ \ r| j««r> Ttu' ■ Anti i{c\tto{>tnent of titf« Ixniefl rom 
tf*v^ ft* J*-* *•?* * fi*f 

cit *>»l tiiftwMiT in tljc rrRwn of itie rtijor of <hi» thinl vTtitwct*»< f th»* I rain 

im>l>ftbl> at fnuU If the uidocnne changes occur Iwfore union of the 
ppi|)lj>Fe« of the long bones, panlism wnll result In certain eases no dela^ of 
ossifirvtlon nor opiphNseal union can be found m the skeleton 

ACROMEGALY 

Fills oomlition i<i due to mcr»ctnit\ of tlio eoinophil cells of the 
BMUrinrlobeoftht pttuitar% and ttn^ea m adult life when all bone growth ba# 
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ceased and the epiphyses arc united In spite of this bone enlargement talve^ 
place m the hands feet and parts of the skull It is possible that other Ixincs 
are affected also but the degree is too slight to be detected All the vivcen 
are enlarged the tongue bps nose and ears especially so Sexual function is 
reduced or absent 

In the Skull the sella turcica is enlarged The degree of enlargement 
aaries from bemg so slight as to escape notice to total destruction of the 
dorsum sellse the enlargement is almost entirelv m the gland so that a 
general expansion of the fossa is produced The sphenoidal air cells maj be 
encroached on until they are completely obliterated The uhole vault of tie 
skull may be thickened and the accessory sinuses especially the frontal 
enlarged The mandible is often increased m size and becomes prognathoiL 
As a result of these changes the face becomes entirely altered The supra 
orbital ndges are so prominent that the forehead slopes hacknards 
the nose as well as the loner jan becomes large and prominent The malar 
bones are enlarged 

In the Trln-k it is common to find marked ky-pbosis nhich adds to t! e 
general grotesque appearance and makes the arms appear unusually long and 
to hang from the shoulders m an ape bke manner In all bones moscular 
attachments are accentuated and small bony outgrowths form at theinnsertion* 
The antero postenor diameter of the chest is increased 

In the Hantds and Feet m addition to the general increase m the size 
of the bones and the accentuation of tlio muscle attachments the terminal 
phalanges become expanded into tufts uhich consist largely of cancellous bone 

BASOPHILISM 

The pluriglandular syndrome hitherto supjiosed to be of adrenal cortical 
origm is non known as basophilism because it ls constantly associated with a 
loss of granules m the basophil cells of the pitmtary and sometimes with an 
adenoma of these cells The discovery that hormones onginatmg m the 
pituitary control other endoerme glands m the bodv affords m part an explana 
tion of basophilism The syndrome appears to be commoner in women than 

mmen although this is possibly due to the unusual combmation of amenonhffia 

adiposity and hetero sexual hirsuties which arrest attention The cases s o 
a rapidly acquired pecuharly disposed and usually painful adipositi con 

fined to the face neck andtnmk There is a dusky or plethone appearance o 

theskmwithpurplestnaeespeciallyontheabdomen together with a ten ea 
to hypertnehosis of the face and trunk m the female and m the pre-ado seen 
male This is accompanied by a sexual dystrophy shown by early amenor 
rbeea m the female and impotence m the male There is persistent 

tension associated m advanced cases with retmitis and albummuna (nx 

hyperglycsemia and sometimes erythraemia have been recorded 
abdommal pam, tmdue fatigue and extreme weakness may occur Osteopo 
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IS sometimes seen, and the pitient may then, have spontaneous fractures and 
become round shouldered, even mth a measurable loss of height 

Tins syndrome can be differentiated from that associated with a primary 
tumour of tlie adrenal cortex only by estimation of the imnary androgens 
Virihsm is to be ascribed primarily to cortical adrenal tumours only wlien 
serial sections of the anterior pituitary at autopsy fail to reveal either a 
basoplul adenoma or lo'is of the granules m basophil cells It is difficult to 
believe that the obesity of pitmtary basophilism is due to pressure upon 
neighbouring cerebral tissues it is almost certamly due to secondary mvohe 
meiit of other endocrine glanda 

Radiologically, tlie only feature is lack of calcium m the bones This is 
general and not confined to the bones of the trunk It is more noticeable in 
the trunk owmg to the fact that the soft tissues are enormously mereased 
m tins part of the body, and as a result the shading of the bone is less clear 
The osteoporosis maj be slight, but m extreme case-* bones may bend and 
crack, causing marked deformitj Tins is best seen in the ribs In the skull 
It IS unusual to see changes otlier than lack of calcium It is rare to find 
any alteration in the size of the sella turcica 

Neoplasm of the suprarenal body may anse in the cortex or m the medulla 
(i) I^eopla^m of the Suprarenal Cortez— so called caremoma of the 
suprarenal cortex causes a sequence of signs and sy mptoms indistuiguishable 
from Cushing’s basophilism There may b© no detectable abdominal lump, 
and the correct diagnosis may be made only after perirenal air insufflation 
or even by surgical exploration At times the tumour may grow to a a^rj 
large «i 2 c and practically fill the abflomen 

(u) A eoplasm of the Suprarenal Medulla — ^Neuroblastoma of the suprarenal 
medulla appears chnically m tuo forms Hie “ Pepiier " tyiie is of no radio 
logical mterest It is usually seen m infants, metastases spread rapidly to 
essential organs, and death occurs early The ‘ Hutchinson " type affects 
yDung children, usually below the agp of 10 years Tlie abdominal mass 
13 usually small and escapes notice imtil bone metastases have been present 
for some time Metastases are common m the skull, especnlly m the region 
of the orbits Irregidax masses m the pencraniura and exophthalmos are 
often the first signs Radiologically, the appearance m the skull is mdis 
tinguishable from sarcoma and shows fine spicules of bone radiatmg from the 
outer table In the long bones, however, the periosteum may be raised 
throughout the length of the shaft by a sheath of subperiosteal growth, 
which does not alter the outhne of the cortex until very late m the disease 
This appearance may be diagnostic The differential diagnosis between this 
disease and congenital sypluhs, chrome leukamia, and scurvy should not be 
difficult 



CHAPTER XLI 

BONE AND JOINT CHANGES IN TOXIC CONDITIONS 
LEAD POISONING 

The 3IETABOUSM of lead in the body is similar to that of calcium. Factors 
favouring the storage of calcium in the bones wll also aid the deposition of 
lead. Tertiarj' lead phosphate stored in. tlic skeleton is relatively harmless. 
In the bones of adults it cannot lie delected radiologically, but in children 



(a) (b) M 

Fi< 3. 468. — I.E^ poiscpmrig m a child a^ed Sj years. The deposits of teatl salts arc 
the growing ends of the bones. («} and (c) were taken when the child was first 
was taken three months later, during winch time no lead had been swallowed and eo appow 
of bone of normal density had occiUTed to the ejnphyeeal side of the lead line. 
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lead phosphate is deposited in the growing ends of bones, together n-ith calcium 
phosphate, and it can be detected in radiograms. IVliite lead used in face 
powders has been a source of poisoning among nurslings in Japan for o\'er 
two centuries. In Queensland, Australia, lead used in painting verandah 
railings is readilj’ powdered by the hot dry atmosphere, and gives rise to many 
rases of XJoisoning in children. In the.XJnited States lead paint from furni- 
ture, woodwork, or toys has been the commonest source of poisoning in 
children. In many of these cases perverted aiipetite, whetlier from mental 
deficiency, ill-health, or habit, has been noted. Water from lead pipes, lead 
foil, lead ointments, lotions, plasters, dusting powders, and lead nipple shields 
are other less freejuent sources. 

Radiological Features. — Tlie wrists and ankles are the most satisfactory' 
joints to examine, as here the growth is greatest. Ilie lead appears as a 
perfectly clean-cut band of greatly increased density at the diaphyseal end of • 
the grornng boue (Fig. 46S). There'is no irregularity and no raising cf the 
periosteum. The epiphyses are unaltered. Tlie degree of density of the lead 
line depends on the rote of absorption of the metal, and its wndth on the length 
of time the absorption has been taking place. If the ingestion of lead is 
stopped, the deposition of tlie lead salts ceases and bona of normal density 
and texture is deposited on the epiphyseal side of the lead line. 

Poisoning by 6tsrnut7{, strontium, jihoiplionis, ^uorine, and vitaWTMi D- 
uuvy give rise to somewhat similar appearances. In such cases the exact 
nature of the poi&oning must be determined by clinical and laboratory 
methods. The absence of irregularity and periosteal clianges should prevent 
confusion with thc less-dense band seen in congenital syphilis. In scurvy the 
ground-glass appearance of the shaft and epiphj’sis and the zone of increased 
translucence behind the dense band, together with the possible presence of 
subperiosteal hwmorrhages, make the diagnosis clear. The’ condition could 
scarcely cause confusion with healing rickets. The marble bone disease of 
Albers-Schonberg offers the greatest difficulty, and may be distinguishable 
only bj' clinical methods. Tlus disea.«e is discus^ fully eheuhere. 

KASHIN-BEK’S DISEASE 

This disease is endemic in Transbaikalia, Siberia, and is believed to arise 
from drinking water contaminated fay manure. It may bewdeficiency disease. 
Deformity of the hands; 'with shortening and rarefaction: of the long bones 
swelling of the joints, and atrophy ofmuscles are the outstanding features. 

HYPERTROPHIC OSTEOARTHROPATHY 

In this condition new bone is formed subperiosteally in the bones of the 
limbs ; it is associated with certain diseases of the lungs or pleura. It is 
most commonly found in conjunction with chronic lung abscess, bronchiectasis, 
and carcinoma of the lung or bronchus. 
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' There is alwajs dabbing of the fingers and toes and sometimes snellm; 
of the joints of the hands feet Tm«ts and knees In advanced case 
thickening can be felt at the ends of the long bones and there may be pain m 
the areas nhere the process is most advanced 

In ino«t of the ca'«s seen by the authors chronic pulmonary disease wa* 
present but it has been reported that osteoarthio- 



Fio 469 — Hypertrophic 
fiateoarthropath) The 
cneren re mg of the 
periosteum at ti e bones 


patbv can be present \nth any chronic infective pro- 
cess with heart disease, and abo mth Hanots 
cirrhosis of tlie liver e have histological proof of n. 

presence m a case of polj'posis of the colon 

J/t>r6id Anatomy — The condition i» a chronic 
periostitis with abundant new bone formation pito 
logical sections show supenmposed on the old cortex, 
dose meshed new spongj bone formed by the pen 
osteum The old eortev may show osteoporosis 
Radiologicaily, the condition 15 best seen at tbs 
wrist and elbons It is usualh stated that the 
metacarpals and phalanges are the most satufadorv 
sites^to examine, but this is not so The metacarpal 
tend to be mioleadmg especiallv in advanced casts 
where the subperiosteal bone deposits are well edab- 
li«hed_, so that tlie> appear to be accentuated mustk 
attachments on thickened shafts 

The snbjienosteal dcpo«its are not confined to tic 
ends of the shafts of the bones but run along the 
whole length The penosteum is rated unevenly to 
that the outline appears ‘Pirated and the deposits 
beneath it are unevenlj calcified or ossified ginngs 
lace work effect In long standing cases bon** *- 
definitely formed and this is of uniform den-'t’" 
rFig 469) 


PSORIASIS ARTHROPATHICA 

infect on with ab>«ss J/cHsen States that the condition of pain m the 

associated with psoriasis was fii-t 
by Alif^rt m 1882, Ba in in ISGO applied t * 
name psonasLs arthntiea to it It is a polvartieular condition which 
attack anv jomt The jomt pains are usually promment dunrig an esace ^ 
tion of the skin condition and tend to recover as the skm improves 
an attack the jomt becomes painful and swollen and m the acute stage 
bones of the joint may be separated by an effusion After 
the cartilage becomes eroded with subsequent loss of jomt space , tee ji 


surfaces mai be uneven 


(ininm \LH 


UIOOI) DISJ \SJ,S wun IlOM 

ERYTHROBLASTIC AN/EMtA OF COOLEY 

Ijijs I osniTios dc''intK*d Lv ( m H»i7 h a familial cli«ca-‘(* mIiuIi lie 
« lamjs H }>or«lnr to tliililnn of Mulittrnim m Mock II hn« Iwn «pjl known 
ill Orfci-c fiiJKt 1010 but n H Mr\ rare «> ! ophnil J}n ilnklrtnnrt'mongo 
I > 1 1 in apitciniK'O onni^ to annmm and tlnd (nmj. of the l>onr» of the «kiil] 
The ftlKlomen i*< | miniiKiit as a rt^oiU of onlarj,« ment of the h\cr an ! uplcen 
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and the anajtma is marked large numbers of ervthroblasts are ‘>een m 1 !o(«j 
films T1 c outcome u> alwajs fatal 

Radiographically the bones b1 ow a lack of calcium uith accentnat on 
of the Iwne pattern The cortex is thin and T ogt and Diamond state that 

the maiTou may mrade 



It causing pimched-oir 
areas T1 e appearance mai 
be ind stinguL hable fro i 
osteitLs fibrosa The etu/f 
slions great thicLenn 
svhich takes place between 
the mner and outer table' 
the diploe bemt^ j rominent 
In the later stages the 
surface of the skTilI becomes 
corered mth radtatin 
spicules (Fig 4 0) 


SICKLE CELL AN/E'1I\ 
This d •ease u familial 
and confined to people of 
negroid descent The name 
IS den\ed from th* sickle- 
shaped erj'throct-tes ciroi 
lating m the Hood Pn 

gress IS accompanied bi" 
exacerbations and term 
Siona HremolrcLs accoro 
pained by jaundice i 
marked during the exacei 
bations Radiographir’Uf 
the bone changes are similartothose seen in Coolej san®raia butarecon idcr 
ably less marked 


O ntrol 

Fig 4 1 -Leuco-erythrobla t c 
»ge<i ol There ht incrca.>-e 
when comparetl with that of a normsl control 


dens ty of the bore 


FAMILIAL HiEMOLYTIC ICTERUS 
Increased fragilit 3 of the eixthrocTtes tnth hiemolytic icterus anaemia and 
splenomegaly are seen Bone changes are usually absent or slight a ’ 
sickle cellansemia 

LEUCO ERYTHROBLASTIC (OSTEOSCLEROTIC) AN^E'UA 
Conditions such as carcinomatosis and myelomatosis irhich max ? 
nse to leuco erythroblastic (myelophthisic) ansemia are eoruideredebci'’^ 
Occasionally this ansemia occurs apart from either of the«e di^ea-ec 


\ 



)0D — 

— -'■— •' “■ ”“ 

„s Sind thoiO %Mth „ b, Tnmb<m leuco crjdhro 

januft 'S lut *“ 



. 1 i,»,o -inncarcd under n M>rietj <jf names 

cses of mjilosclerosis The -eliologj » imlnonn 

,, aleukscmicrajelosis connectnc tiKiue or lone in tU 

.ofogicalb mman« nnallcred T. ere . no tendenca 

ullan cavit} Mime tin 

notnre intlarv cvMtv slioMS an increased densitt Mlillothe 

Radielogically “>6 medulla^ e .a be aeij elitlit 

OM still remains ’■oanS"'®^ " , ben It tl c rati ologieal f rocess 13,000 
, controlled radiograms must no 
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of fibrosis of the medulla without ossification no change will be recognisable 
In three cases of benign leuco eiythroblastic 'imsmia seen bj us increased 
density of bone was definite in one doubtful in another and absent in 
the third (Fjg 471) 


r G 4 3 Lymphat o leukxm a Mult plo depo ts n the skull n a voman 
wl o a^lnowntola e had lymphat eleuk«m a for four years {D Cn Hoi nsc 


THE LEUKAEMIAS 

In ad% anced cases of myeloid leukaemia v ydogmous deposits n ay 
in bones but the\ are rare Tlie area of destruction is roughlj circular ^ 
a clean cut margin and there is no evidence of bone reaction (Fig 47"’) I ^ 
skull particularlj is affected 31ultiple hone deposits occur rarely ui Ijiup ^ 
leulcemia (Fig 473) 


LYMPHOGRANULOMA (HODGKINS DISEASE) 

Hodgkm s disease is a chronic granulomatous mflammation miolyiug tk® 
lynipindenoid tissue throughout the body Naturally tlie Ijniph nodes an 
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spleeii are prominently unohe<I Tlie mIioIc of the ahmentarj tract and the 
l)one nrarrow contams lymphadenonl tissue niuch also mat, become m\oIved 
Other disea-se*, iiotabh taberculous ademtis and lympliosarcoma, nnj in some 
resiwcts resemble Hodgkin’s disease, and in man} the dta^osis can on}} 
be imde bj means of tlie microscope, a jiortion of tissue being remored for 
biop«\ oziammation It is perhaps uisiiffieientl} npjireciated that ui 10 j)er 
cent of ca'^es of Ij mpliogmiuilonia Hie •skeleton becomes involved Carter 
and Copland estimate the number at 

lo 7 per cent and quote Zeigler as putting ' 

it as high as 40 per cent ^ 

Tlie mvolrement of iisuall} 

occurs late m the di«ea‘a.', although J' ( 

Drt&scr and Sp-ncer mention two m " » 


which tile clavicle was mvaded, although 
there wa<i no other mariife'-tation of the 



disease in the bod} Pam is the out'Jtand 
mg chuKrtl feature and mav' exist for some 
long period before definite changes are 
detected radiologically Tiic pam nm} be 
tlie fesult of destruction of the bone or of 
pressure bv a rua*^ of Ijinphadcnoid tt«pue 
on nerve roots It mav be acconipnnied by 
herpes zoster The bone niav be tlio Site of 
lymphogranulomatous deposits, which are 
earned by tlio blood m the same waj as 
malignant metasta<?e3 are disf«ciuin^ed, Or 
an adjacent mass of ghntls maj become 
mv olved and spread in tlie bone by pressure 
and erosion 



Fio 474 — Hwlpikin « m 

\ ft Un? Uio ontpfior h.'qwct of the tlunl 
lun>l>ar > cJichr i 


Tlie commonest sites in which to find 


bone deiW'-its are tlie pelvia, adjacent lumbar apme and upjjer enda of the 
femora , anj bone maj be affected, and, if the spread has been bj the blood- 
•.tream tbe deposits are nsua^iy im/AijAe 

The radiological appearance, as well as the method of spread, rc^tcmblts 
malignant diaea^ The commonest finding is irregular areas of destniction 
with httle or no penosteal reaction , m the peln*« this maj resemble multiple 
mreloinitosi'i At times definite reaction may occur end this maj take the 
form of «clero‘!is or penosteal proliferation \Vben tliere is periosteal reaction 
the condition may resemble osteomyelitis ora primary inahgnant bone tumour 
W hen sclerosis is marked, the appearance may resemble that of caremomatous 
metasta«es of tlie ostcoi>hstie tjpe or of osteitis deformans Dresser and 
Spencer a ca^ie with a typical “ivoryvertebra,”suclias is seen m mibgnant 
disease and osteitis deforman« 
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In the spine destruction is usually the chief feature (Fig 474) ind tlie 
bodies involved soon collapse causing deformity and often paralysis Involve 
raent of the abdominal glands may result m spread to the lumbar \ertebrs 
with consequent erosion of the anterior surface of the vertebral bodies The 
intervertebral discs escape and smce the same appearance is also seen \ hen 
aneurysm erodes the bodies the two conditions may be indistinguishable 
radiologically unless the %\alls of the aneurysm are calcified 

In the long bones there may be destruction and periosteal proliferation 
similar to that seen m osteoclastoma fractures may occur 

Usually th” diagnosis is easy as the disease has been established and 
lecogniscd for some time before pam draws attention to a spread to the 
bones 



CHAPTER XLIII 


CARCINOMATOSIS AND MULTIPLE MYELOMATOSIS OF BONES 
CARCINOMATOSIS 

Secoxdar\ CAKcrvoMiTOCSk deposits m Imncs maj stimulate cither osteo 
clastic ic«orptiou or osteobhstic apposition or both Usuill} resorption 
prejiondenitcs and a condition of osteoporosis with a tendenej to fracture 



lie -iTi) OstcQctasCic ‘•oc^tulari cdrcmoina ut a «n>nMn w-lo liaci the right inoxt nmpiitalerl 
for cnrvinomA thi«« pro% iousl> 

le&uUs it 13 known as ostcochstic carcmomatosis If apposition pre 
pondentes, the resulting condition is osteoplastic caremomatosjs The two 
conditions can rcadih be distinguished m radiograms Atited forms arc 
known to occur 
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In 193tj the calcium balance m ten cases of carcinomatosis of Ixincs \ as 
studied Where the changes are mainly osteoclastic the calcium output 
may be two or three times the normal In osteoplastic carcinomatosis the 
calcium balance is actually positive that is to say tlie patient excretes less 
calcnnn than is piresent in the diet Under these conditions tJie senmi calcium 
figure may be 8 5 or 0 mg per 100 c c In all other circumstances tJie serum 
calcium and plasma phosphorus figures are normal m carciiiomatosH of 1 one 
The plasma phosphatase is always raised 

Primary carcinoma of the prostate commonly gives rise to sec-oncLiry 
osteoplastic carcinomatosis and at times malignant tumours of the tl jToid 


!■ ic 4 0 0 teopla t c necon lary care noma n a man w th pr narj ca c non a of (lie 

p Ohtate 

ovary and stomach have the same effect but there is no hard and fa' 
rule Carcmomatosis is much less frequently encountered than soli a 
discrete secondary deiicsits 

RADiOGRApiircALLi osieoclositc caicinomatosis is seen tn tuo fonns 
the first the condition is manifested by lack of calcium and tl erefore 
be very misleadmg and indistinguishable from many other generalised 
affectmg bone The boneo gradually become leas den«e the latient usua 
dymg from asthenia before tlie shafts of the long bones break or lieiid 
In the second ty pe in addition to the general lack of calcium almo« 
bone m the Ixidy is peppered inth areas of tnnslucence varjong m 
meter from 1 mm to 3 cm These areas may liecome confluent caus c 
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fmcturca and bending of the lione The areas are irregwhr jn outline TI)e> 
nrely occur bclon the elbous and knees and therefore nny be distm 
gtu‘»hcd from multiple mjclomatosw (Fjg 4~5) 

Li the osleopJaiUc type m the earh stages small diacrele areas of oj acity 
are «een scattered ovei the hones of the trunk and lirabg Thej arc more 
hkeh to mrade the hones bclou tjie elbow s and knees at an eirly dtte than the 
osteoclastic \'anet\ thev spread throughout the whole bone instead of being, 
confined to the ends ns m ostcopod ilosis \ the disease progresv-Os these 
ireas spreidarid become confluent so tint the whole lione becomes dense 
(Fig JTC) At this stage it may do cK resemble the amorphous. t\pc of 
osteitis deformans though of emuve the bones show no widening 

Discrete sccondars carcinomatous deposits are described m the seetton on 
tumours of Ixincs 

The DiFFruEvnvL DrACsO'.i'» maj be dilhcult Wien the oi\l\ feature 
IS lack of calcium th** diagnosts must besought from the lustor> the clinical 
ewidenee and the blood chemi-»lr\ The osteoclastic tNpe i-. likeh to lie mis 
taken for m\elomatoBi« hut the irregular ahape of the mraded areas and the 
itNcnce of the clean cut appearance seen m myelomatosis will decide tins 
can sometimes be confirmeil b\ demonstrating the presence of Benco Jones 
protein in the unne In most cn es the primart growth will be eiident 

MULTIPLE MYELOMATOSIS 

For obtious rea'5ons the multiple morrow tumours m tins di-seose nia\ lead 
to Its confusion with a generalised disca^ of Ixme It arises m the iilood 
formmg cells of the hone niarrow and therefore first npjiears in the skull spme 
and nbs Later ealensions of ml marrow may occur in the long bones and 
then the lesions of mieloniafosis iiinj be found m all the liones of the skeleton 
Exmimation of the unne shows in almo'.t even case the Bence Jone^ protein 
The whole skeleton should lie examined The tumours are cliaracteristic 
ij peanng m the radiograms as dean cut dhptieal or circular areas of complete 
translucence raningfrom 1 mm to Jem m diameter The surroun ling bone 
shows laek of densiti Tliere is no attempt at local reaction either m the 
Ijone itself or in the adjacent jicnosteimi Fractures and areas of collapse are 
common especially in the aertebra? In nust eases {wirticidarh late in the 
disease the long liones are nffeded 

In ti*j)ical catocs the diagnosis is easy— carcmoiuato is is the irincipal 
dilEciilty As a rule m secondary carciuomn the areas haie a woolH and 
irregular outline whereas tho«e of osielomatosis are often quite clean tut 
‘^condary carcmomatoiis deposits are less often found below the elbows and 
knees than are the lesions of myelomatosis The circular deficiencies of the 
skull max resemble those seen m osteomalacia and generalised osteitis fibrosa 
In such ca-ies the other bones will help to make the diagnosis clear and the 
chemistry of the blood and of the unne mii,-t he considered 





CHAPTER XLIV 


DISEASrS OF UNKNOWN ORIGIN 
LEONTIASIS OSSEA 

When T irchow suggested the use of the term leontiasis ossea in ca es 
of hyperostosis of the skull he had m mind fibroma molluscum in mIicI 
masses of neu connective tissue develop m the si m He beheaed that the 
over giottth of bone m hyperostosis corresponded exactly to elepliantiasis of 
the soft parts and he decided to call these cases leontiasis ossca not because 
the bone di ease produced a leonine appearance but because he considere 1 it 
to be analogous to a disease of the soft parts uhich did 

To-daj the term, leontmia ossea is used symptomatically and not in a 
specific sense It mcludes cases of osteitis fibrosa osteitis deformans and 
chronic i eiiostitis Tliose cases due to osUxti^ fibrosa include both the gencnl 
diffuse osteitis of the cranial and facial bones and osteitis beginning in one or 
both ]aus and rarely spreading fai beyond A cose lias been described uhere 
A man aged bad had a gradually increasing swelling of the mandible for 
fifteen years until it measured 8 by G by 4 mebes Rareh in Pagels disease 
the jaws may be so much involved as to stand out in contrast to the other 
bones Funlly there are cases of a very chronic periostitis spreading slo Uj 
from bone to bone to w htch the title of creeping penostitis of the bones of the 
face and si ull may be given This type begins in almost all cases in the nasal 
f )ss£c or sinuses In early cases tlie fossaj may be blocked w itli bone and later 
the maohement of Other bones may cause a coalescence of the periostea! 
thicl ening which has been likened to approaching streams of o'^seous lava 
Complications include obliteration of the nasal duct exophthalmos and 
oi tic atrophy 


OSTEOPETROSIS 

0 teo-sclerosis fragilis generalisata marble bones and Albers Scl onberg s 
disease are all synonyms for this disease It is very rare and thoug 
ongmally described by AWers Schonberg in 1004 it was not until 1914 t a 
another case w as reported The name Albers Schonberg s disease is 
fortunate as in 1915 the same author described osteopoikilosis for the r& 
time and this is sometimes referred to as Albers Schonberg s disease 
The disease appears to be congemtal and may be familial 
winch the condition is seen vanes — ^Albers Schonberg s case was 20 In 
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PiTte showed changes m the hones of a^oetus whose mother showed well 
developed osteopetrosis, and whose development he followed for six 
5 ears 

One of the conimonest^jnnptoins is fracture of a lirab In advanced cases 
se\ere anajmia maj appear, and the liver, spleen, and l>mph glands may 
be enlarged 

Radiological Features — At present the diagnosis of osteopetrosis is 
a pureh radiological one Tlie outstanding feature is a homogeneous densitj f 
of the bones and this appears to be due not to the spead of the cortex at the 



Fj( 47" — Osteopctro«H its a boy agcii 17 jenrs wstli a frattisre ot the T>eck or the 

femur follossing alight trauma The bo»>e« are unalterctl in si«« (Dr Tiofnti H lUiuma case ) 

expense of the cancellous bone, but to the laj ing down of some material of high 
calcium content m the medullary cavitj This material is rclatiiely soft, 
though its calcium content maLcs it guo a dense shadow Thus a hone 
which loohs as if it should be ivory hard is realR brittle (Fig 477) 

The condition starts at the end»> of the dirpliyses and travels towards the 
mid pomt of the shaft In the early stages it appears as a dense hand. Very 
similar to tliat seen m lead poisoning (Fig 478) Later the ends of the 
bones affected by the process, widen and Iiecome club shaped, while the 
density appears farther up the sliaft All bone texture is lost m tlie affected 
region Pine reports a “ ring shadow ” about the carpal bones due to a cncle 
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of dense bone He also states that in one of his cases which came to po'st 
mortem the ‘ marble bone cut like chalk with d lunfe 

All bones are not necessarily involved and the process does not affect the 
whole shaft until tlie age of puberty In tlie skull the density is marked it 

the base so that all air 
spaces and foramim 
tend to bo obliterated 
this may brmg about 
optic atrophv from 
pressuie 

Karshner reports 
hjdrocephiJus in hi 
infant eases and sajs 
all cases are pliysicalli 
under developed an 1 
have a peculiar facies 
The teeth are alwfii' 
defective The ejn 
physes are slow to 
appear and union with 
the shaft is delajed 
Brailsford clescribes tlie 
expanded ends of the 
phalanges as ha> mg 
ail appearance sUe 
gosting cracks vertical 
to the epiph}’seal line 
His case aho show el 
the densitv to be m 
plaques of varnng 
wndth parallel to the 
epiphyseal line 

In DiFrERE''"H'^ 
Diagnosis leadpoi on 
mg in a child mi' 
resemble carlj o teo 

_ petrosis If the P^'"' 

biht> of fiirtiier iiice* 

tion of the poison is removed new bone of normal texture will form to 
epiphyseal side of the line of density The fseces and urine should be collec ei^ 
for a week and analysed for lead and the blood examined for punc a 
basophilia In all cases of osteopetrosis a blood count siiould he done 
Congenital syphilis may be ruled out by the absence of penostitis an 
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negative Wa'ssermann reaction Confusion vitli osteitis deformans of tlit 
amoqihoiLS tyjie and secondnrj carcinoma is not Iikcl> to anse Since so httlo 
IS known of the jntholog\’ of tins condition it is the more important that 
controlled radiograms '■iunild lie taken m all cases 

MELORHEOSTOSIS (LERI) 

It IS uujwssible to Ignore this cnmhtion wliile discu««ing osteojictmsis 
McIorhBO>losis was first described b^t Ltn and Jonnny m J02’ Pun occjir^ 
m a hmb, and when radiograms are taken dcjKiMts of dense bone are found 
running down the surface of the bones, causing thickening The nicdnllara 
cavit\ la also in\ol\e<l so that the l>on\ tliickcning is not ciitireK extra 
osseous I^n watched hmciscovcrsiv tears and found that as timoarJs*aneed 
other lioncs litcamc mxoUed though the patient did not suspect this Tht 
condition rc=emhles ostcojiotroMs in some respects !mt at present it is not 
known if the two are rc!ate<l 

FOCAL OSTEITIS FIBROSA 

rius ocuirs much mote commonlx than tlie gcncrah'ed disease It is a 
condition affecting one or more liones, iisuatlt not disabling of stow progress, 
and showmg a tendencj to become arrested It occurs ihiefiv m adolescence, 
and IS often ss-mptomlc's until 
spontaneous fracture ocemv Tlic' 
figures for ficruni caktum and 
jilasma phosjihonw ore mvarialiK 
normal a ftmlmg in striking 
contrast to that of the gcnerahscil 
disease Tlie calcium bahnee is 
usualh normal and t«l en in «m 
junction with the normal blood 
chemistrj , this finding is of far 
reaching imi>ortance It j» cii 
dcncc strongli against hi-jierpar* 
thjToidism and therefore although 
a number of bonc« may be nfieeted 
the condition is totalis diffirenl 
from the generalised disease and 
exploration of the neck w impisti 
fiable 

It IS generally the ends of the 
shafts of the long bones w hicli show 
changes m radiograms The lower 
jaw Is a common site Often 
onlj one Ixino is involvM It is. 
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usinl to find more than one third of the shaft affected Fusiform enlarge 
ment of the bone, contammg C3^t-like areas, usually di\uded by a few coarse 
trabecular strands, is seen The cortex w thm and expanded by the cjsts, 
the periosteum is normal The adjacent bone is normally calcified (Tig 479) 
If a long bone breaks, union is usually strong and the cyst like area Incomes 
filled with bone The vault of the skull is unaffected, but occasionallj 
a great mcrease m density and actual thickenmg of the bone of the floor of 
the anterior and middle fossa may be seen It is difficult to differentiate 
between this disease and osteitis deformans in some cases, and it maj 
be necessary to follow the progress over a period Of time before a definite 
conclusion is reached Giant celled tumours arc sohtarj', and show little 
trabcculation They represent what is really a special form of focil osteitis 
fibrosa They tend to expand the cortex to a greater degiee, at times bursting 
through into tlie surrounding tissue 

HEMOPHILIA 

Hrcmophilia is a constitutional disease characterised bj a life long tendciicj 
to piolonged htcraoiThage and a markedly delajed coagulation tune The 
natuie of the disturbance on which the tendencj to bleed depends is not 
understood Hereditary transmission depends ujion a sex linked recessive 
Mendehan characteristic Haimopluha is dominant m the male and recessiw 
ill the female Women tliemselves never suffer from the disease, but transmit 
it to some of their male offspring 

The clinical mamfostalions include jirolonged bleeding from cuts and other 
injuries, opistaxis hamiorrhage after extraction of teetli, subcutaneous liaima 
tomata often laige and spreading and limmorrhages into the joints The«c 
humarthroses occur mamly m the large joints especially the loiees and elbows 
IS these are prone to mjury The blood may be absorbed completely and lea\e 
no sequel or organisation and ankylosis may result 

A small suigie hairaorrhagc cannot be recognised m a radiogram It u 
usually only after repeated bleeding into a joint that demonstrable changes 
occur In the acute stage, soon after a hsemorrhage the bones of the joint wil 
be seen to be separated slightlj and the distended capsule will limit an area o 
haziness, due to tlie effusion of blood Tins is in no w aj distmguLshable from 
any other effusion into the jouit After repeated hsemorrhages the appearance 
become indistinguishable from that of hypertrophic arthritis with diminution 
of jomt space and unevenness of jomt surface due to loss or destruction o 
caitilage the margins of the joint surfaces will be slnrpened and this ma\ 
a marked feature Tlie joint maj be completely fixed . 

In neither of the above mstances is there any special feature bj whic ® 
disease can be recognised The chance to diagnose the condition by * rV 
rarely occurs in England smee the family concerned usually knows o 
jircsenoe of the bleeder strain and therefore supplies the diagnosis Howeic , 
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in A casr<«4 an ankjlo'^d joint shows dinnge*. whicli are peculiar to this 
tli'ei«o alone Cx^t like areas arc seen m the subchondral bone and maj 
nin from tlie joint surface into the shaft of the bone, soine'tmics to the 
depth of I inch , thej are tpiUc clean-cut ami show no surrounding den'Jit^ , 
when tliej arc numerous the end of tlie hone presents an appearance rc'cmblmg 
a lattice (Fig -tSO) Tlic joint spice is ntuch 


decrcaced and the joint surface is largelj 
destrojed E%‘cn if ankylosis has not taken 
plnco, there IS u>irUj ccmsidcmbledimimitionof 
tno\emcnt Calcification or O'^ification ansmg 
in organised blood <Iot or thicKcncd BMionai 
membrane ma\ lie '‘een 

In explanation of thc^c appe‘imiiie-> hlafon 
a'«umcs that after rcjieatcd h»eniorrliagcs the 
clot imtatcs the «»%iio\tuin which Itceome** 
Mlloub Hie eartihge Io^cs us glot-s and is 
eo\cred with fihnn and if this fibrin is 
remo\cd defects are fouml m the cirtilagc, 
efimctimcs extending into the Ikhic 

In the knee joints the intercomUhr fossa 
ma> l)C miKli widened and deei*cucd It has 
been suggested that thi> is due to hTniorrhage 
into the attachments of the tntenl ligaments 
T!ic bones alwiit the afTcctcd joint nmj show 
lo'sof dcnait> 

OSTEITIS DEFORMANS syn PAGEPS 
DISEASE 



OitcUis defonmus is not mnamnntorj in i-io -ibO— Hirmopliiiia tJh 
origin It seems hkcK that it k a disorder of “p^iranro « u» tj,e 

mineral ractalxilmm Hiitologicallj , tliare ii 
tremendous resorption of bone associated with 

tremendous apposition completeh alteniig the normal architecture, hut 
apposition predomimtes Tlie sexes are affected in the proportion of three 
men to two women The disease rarely begins lieforc the age of 40, and the 
commonest age of on«et is 35 It may remain sjinptomless for leu jears or 
more It la %ery slow m progress, and rarelj* influences the general health, 
gmng ri'C to few trouble^ apart from tliose which are due to changes m the 
fchajie of llie lioncs Tlie tibia, femur, and sometimes the rndius and ulna, 
liecome cnbrged and bowed The bowing usually takes jilace m such a 
manner as to accentuate tlie nonnal cwne of the lione After the con- 
dition has been present for many years the calraria becomes thiekenetl and 
kypho«j3 oreun» In its earlier stages, and sometimes tbroughout its couive 
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the disease is attended bj pains m the affected bones pains widely various m 
seventy and not especially nocturnal or periodical The bones are affected in 
the foHov mg order of frequency pelvis spine femur tibia sluill fibula clavicle 
humerus and radius The arteries are usuallj thickened and tortuous and 
the blood pressure often raised Occasionallj a patient witli osteitis deformans 
shovs an abnormal tendency to fractures Osteogenic sarcoma may-occur 

Histological and chemical investigations have proved bejond douljt that 
generalised osteitis fibrosa is unrelated to osteitis deformans A differential 
diagnosis betveen the two conditions on radiological grounds alone is never 
justified Enlargement of the parathyroids has not been demonstrated m 
osteitis deformans and therefore exploration of the neck should never be 
imdertaken The serum calcium and plasma phosphoiais are normal Studies 
of the calcium balance have shown no departure of any magnitude from 
the normal The plasma phosphatase is constanth higli as m many other 
generahsed diseays of bone 

Excessive resorption of bone leads to irregular osteoporosis and it u 
presumably this process which leads to deformitj Tlie new bone which 
replaces the old appears m radiograms m two forms winch maj be called 
the spongj and the amorphous The two tj’pes are often found m the 
same patient and it must ^ realised that the subdivision is one of convem 
ence only \Vliether tlie appearances represent two different types of histolo 
gical cliiiige is not Iniow n Tlie spongy form is the more common It consists 
of coarse irregular stniE arranged either as parallel trabeculae or running in the 
direction of the noi inal lamellae of a cancellous bone The amorphous form is a 
generalised opaque deposit produemg a granular mortar like appearance 
Whether the two processes take place simultaneously whether the amorphous 
stage precedes the spongj stage or whether the spongj stage can appear 
wathout any preceding amorphous stage is not evident "Where a bone is 
affected by the spongy changes its diameter is mexeased sometmies to a 
marked degree and m the medullary cavity the trabecidse are accentuated an 
too widelv separated giving a streaky appearance The corticahs is part y or 
entirely replaced bj bone similar to that seen m the meduUarj cavity an m 
an extreme case the impression is that the whole bone consists of cance ous 
tissue highly magnified Tlie enss cross trabeculae which are seai m ® 
central portion of the long bones are prohabN not jtieduilarj hut are e 
cortical trabeculaj seen broadside on through the more translucent me ^ 
Indefinite cast like aieas of irregular shajie maj be seen scatters a ^ 
the bones 

WTiere the changes are of the amorphous tjqie the normal bone 
entirely replaced bj chall y homogeneous shadow s The diameter o 
bones is usually mcreased , tlioudi 

In the pelvis either spongy or amorphous tj*pe umy he foun ^ 

It 13 more usual to find a mixture of the tw o The whole peine gi 
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iiicrensei! in f-i7e so that it ia often im))Ossiblo to include the pelvis on a 
15 by 1'2 inch film, niftl it is nccessarj' to use a 17 bt' 14 inch. Tlie spongy 
t\i'e of change produces a larger pelvis than the amorphous type. In marked 
ca«es there may be very great deformlt}'. and in almost all eases the pelvic 
brim is triangular and the outlet is decreased in size, partly owing to the 



Fif> 481. — 0*teitJ3 ileroimam of the spongy typo, showing wnleiimg of the bone wilh crm-cross 
trabecuistion. 

increase in size of the bones, and partly to the thrust of the femoral heads 
upwaid and inward on the softened Ijone. In most ca'srs the iliac cre.sts are 
thickened and splayed out, the iliac bones, thun taking on a massive appearance. 
In the sacrum coarse tralwculsc mn out over the sacro-jliac joints, gh'ing tbo 
impression of tliick calcified tlireads binding the sacrum to the iliac bones 
(Fig. 481). Part or the ^\holc of the pelvis may be involveil, and some areas mav 
lie aniorphcrtts and others spongy. Irregular cyst-like areas are common. In 
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the amorphous type not onlj is the hone often widened but it mav contain 
/ cjst like areas This fact is important m differential diagnosis as examination 
^ of the spine 'ilane may be very miaJeadmg the amorphous type of oteiti^ 
deformans bemg mdistmguishable from secondarj carcmomato«L-> of th** 
osteoplastic tj pe (Fig 482) 

In the spine both spongy and amorphous types are found In the forra<='r 
the vertebra? involved give the impression of havmg been crushed Tlie hodie* 
arc wider and flatter so that the upper and lower surfaces are nearer to each 
other than normal The whole bone pattern is accentuated and coarsened 



Fic 48’ O e t 3 deformans of the amorphous tjpe 

and the detail is not clear In the amorphous type the bodies are les> lAeh 
to be flattened and the condition may therefore be mistaken for that of 
ary carcmomatosis of the osteoplastic t^pe At times one or two verte 
alone ma\ be m\ohed The solitarv terteAra nigra is therefore not pre* 
of secondary carcinomatous deposits "Marked kyphosis is present m adran 
cases This together -with the mereace m width of the bone may 
encroachment on the spmal canal reaultmg m compression jiara} 
\ngioma of a vertebral body could possibly be mistaken for osteitis deform^^ 
of the spong} ty pe but fortunatelv it is verv unusual to find a single lerte 
affected uith no evidence of changes m other bones in osteItl^ defomian- 
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Clianges m the ekiill begin chieflj m the outer table Irregulai eitcifleation \ 
re&ults 111 tlie appearance of islands of dense bone m parts of the sKnU seen 
broadside on and gues the appearance of irregular excrescences and indenta- 
tions of the parts seen tangentnll) As uneven thickening of the outer table 
progresses the differentiation betueen outer and inner tables becomes lost, 
and finallj the inner table also loi>es its clarity of definition and ‘•bons the 
‘•ame ill defined appearance as the rest of the bone In man> cases the sutures 
ire •'een to be obliterated (Fig 483) In the later stages the thickness of the 
calvaria has become increased to sever*! times that of the normal Tlte bone 
then appears to lie made np of numerous ragged ]yitches and tufts of calcified 



Flo 4S3 O tcitw iJcforman showing unvwn (hickcmn^ of Iho outer table of tl o 

Vf^’A vijavc tvauibiccot. ateas. iKitM-ofto. tbftuJv Xu. cases, •'i.lvcvi IbA ibwit 
alone is considered the appearmces may be similar to tlio«o seen m renal 
rickets but no confusion is possible oumg to the diRerent age incidence 
\t times an area of definitely cucum«cnbed osteoporosis (osteoporosis, 
circumscripta) is seen m the skull , it k rao«t conuuonh found in the frontal 
region and usualh involves the greater part of the frontal bone It is a mam 
festation of osteitis defoimans, and when other bones are evannned signs of the 
epongv t j pe of the disease are found (Tig 487) 

In the bones of the limbs, cnmbuintions of amorphous and spongv types 
are imially found Tliere is mcreasc m thicknc*^ of the bone, the cortex often 
liccommg •mvcr'il times its normal tlncbnec& It usually shows coarse irregular 
NRin — 37 
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striTj niuning mamlj in a longitudinal direction It is common to find tl e 
bones bent especially the tibia femur radius and ulna At the points of| 
ma\mmm bending cracl s which are really incomplete subperiosteal fractures 
are often seen on the eonae\ surface As manj as twenty may be seen in the 
anterior aspect of the tibia they occur always in bone showing the amorpliotis 
tjpe of change On the concave surface of a bone which is bowed a peculiar 
folded oi crumpled appearance is sometimes seen 

Changes are sometimes seen in the tarsus but the 



tiG 484— Ostets 
tlerorman of focal cl s 
tr I t OI ’So otl er 
• OI e B affected 


carpus esca|)es Tiie os calcis sliows coarse spongj 
trabeciilation The metatarsals metacirpals and pha 
langes maj be altered an increase in density of amorpl ous 
type being tlie usual change Rarely these small bones 
show small cyst like areas There is no apparent sjm 
metrj about tbe changes in the sJ eleton and one is stniA 
b\ tlie apparently haphazard manner in which tie 
bones of any i>articular patient may be affected TIi is 
on one side one rib may be m\ohed together witli 
anothei rib higher up ol lower down on the other side or 
the metacarpal bone of one finger may be involved with 
the phalanx of anothei finger 

III a few cases the disease is apparently confined to 
one bono or to pait of one bone tibia femur ilium or 
clavicle Where part of one bone is affected there is a 
definite lino of demarcation where the abnormal ends and 
the normal begins (Tig 484) Thus there may be v n 
definite changes m the upper two thirds of the tibia 
while the lower third is normal Sometimes part orew 
half of the pelvis is affected w hile the rest of the skeleton 
escapes The local disease is alw ays of the spongy tyjic 
It IS often confused with focal osteitis fibrosa cjstica 
Radiograms reveal the shadows of arterial calcifici 
tioii m more than 40 i>er cent of casts Such calcjfitd 
arteiies are best seen m the lower limbs Though it 
true that osteitis defoniiang is clueflv seen in the elder y 


such a high percentage suggests that a special cause operates It is po'si e 
that the excess of phosphonc esterase m the blood accelerates and intensi es 
tlie deposition of calcium salts in deg&ierating vessels There is no evident® 
of a higher incidence of renal or vesical calculus m osteitis deformans 
in the normal 

Occasionally a patient w itli osteitis deformans sliows an abnormal ten e” 
to fractures When a fracture occurs it may bo m a situation and 
not commonly met with m normal persons WJienever a bone affecte 
osteitis deformans is radiograplied after a recent fracture it is always ui 
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^tage of amorjjTiOBS caIci6cation or of earlj fliifij trabecwlation In no 
doesn fracture take place when tlie l>one is in the final « ell traheculatcd stage 
Osteogenic sarcoma may occur m osteitis deformans In one senes of 
‘•cventj one cases of osteogenic careoma, osteitis defonnan': v,as found m 28 
per cent In all of these the osteitis deformans liad been pre«ent from ten to 
fifteen \ears prior to the development of the complicatmg sacroma In radio 
grams the point of origin is usuallj seen to be subperiosteal and a mass is found 
‘iituited chiefly m the soft ti sues but attached to the bone Tlie evidence of 
nialignint inra'sion of the bone is verv email compared inth the sire of the 



Fig 4S5 — Ortoitw dcrorTnans t-howing o tcoport^is ciF«in>«cr pla The pelvw otlicr bones 

«} OF p 1 plianges tYj! pbJ of O'twt •» ilrfoimans* of the spongi type 

nia's O-teo artlinti* of the Iiip^ 1 nee anl le or spine is sometimes found in 
long standing cases 


ATROPHIC CHANGES IN DIGITS 

Certam conditions lead to inefScient blood supph to the cvtremitics and 
111 extreme cases this may lead to osteoporosis and resorption of I>one cs 
jieoialiy in the termuial phalanges of the fingers md toes Ihe condition inai 
I>e due to spa'sm of the arteries as in Raynaud e disence or to obliteration 
of the lumen of the vessel as m thrombomgirtis oblitoniis The bone either 
becomes absorbed gnduallr from the tip tomrds the baee or becomes thinned 



580 


THE BONES AKD JOINTS AND SOFT TISSUES 


at the nan'o\% \\ aisted middle of the shaft of the phalanx nntil eventwall} tl e 
tip of the bone becomes separated Examples of this are seen m Raynaud s 
disease and sclerodermia thromboangutis obliterans (Biiergei s disease) 
syringomyelia (Morvan s disease) diabetic gangrene, and leprosi Thmnin'» 
and narrowmg of the bones may be seen in acrosclerosis Other rare con 
ditions givmg the same appearance are frost bite ergot poKoning lupus 
mutilans sarcoid and Kaposi s hjemorrhagic sarcoma 
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CHAPTER XLV 
feniw.E nnromis of bove 
GENERAL CONSIDERATION 

juTifi. meant b\ a bone tamour ’ BroadK spe-»kjnt%onc mijibes am tnmom 
winch 18 deriNcd from, oi winch producer, or w ptodncetl by Ijonj tissue , 
i>r more correctly aiu tumourafTecting bone, which ongmateslrom the prmu 
tiio iueM?nchinne wbuh is common predecessor of bf>ne, cartilage or 
nbruiLs tissue 

Our list comprises o^tcoimla, osteoehondromata cliondromita gniit tell 
tiimoiirs, mttn^tatic tumours m bone, o<iUogenic s'\rcomat'i, Ewing’s tumour 
ciidothehomnti mstlomnta angiomatn, cMoromatn, Iwnphomata, ni\o«irc<> 
main h|)omnt'i and neurogenic sarcomata 

OSTEOMATA AND OSTEOCHOVDROMATA 
ri)0 indjscrjminalo ukj of the term * t 5 osto<;is ” for bon\ outgrowth^* has 
t iitsod coniidcmblo co tifusioii for t his term has been employ ed for Mich tumours 
regartUe^s of whether tlic\ are pure bonj outgrowtlui or whether cartihgep!a\s 
apart m their constitution orgrowrth It theteforo seems desirable to ab'^ndoii 
tlie term “exostosis ’ and to speak of such tumours as eithci osteomata or 
ostcochomlromata, acconimg to their composition 

OSTEOMATA 

CKteomata maj lie found at any age Tliej inaj detelop from am bone 
liut their commonest sittsarc in connection with the bones of the skull sinuses, 
orbit jaw? and the lormmal phalanx of the pxat toe 

Tlic associated symptom^ arc pam from pressure on «oft ti'«sues, and vensor\ 
or CM n motor dL-^lnrUanccs from Tirc'^un on iiwwcs In the sinuses tliej are 
froquentU of the naturt. of accidental discmcrics, and sjmptoinlcss 

PathoIog> — Thc\ arc lion\ tumours dcrired from snbpcnovtoal ostco 
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SIMPLE OSTEOMA 

Radiological Appearances — These tumours apjjcar as projections from tiie 
surface of the bone Often of a dense homogeneous consistency they tisualh 
contain little or no cancellous internal structure In con 
nectioa with the frontal and less frequently tvitli tl e other 
^ accessory sinuses or the orbit they are usualh rounded in 

\ contour In relation with the inner table of the cal 

/r ^ varium they may show either a smooth flat or rounded 

/ * contour (Fig 48G) or else a wavy outline Their occa 
sional association with menmgiomata must be borne in 
mind In such cases the neurological clinical picture is of 
course of paramount importance 

They are occasionally seen in relation to the outer ^ 
of the ealvanum when thev present a flat or roun 
contour If growing from the mandible they arc smoo i 
and rounded in outlme and of dense opacity ^ j, '■ 
terminal phalanges of tlie great toe they are often o a 
no 487 — s I srjuare contour ]e«s dense and usually contain cance ous 
nciai osteoma bone 111 tlicir interior (Fig 487) . 

ca pcUous bone°*n \anetj fcnown as ‘ endosteoraa gro 

ts inter or of the osteoma is entirely tiilhin the marrow canty 




SIMPLE TUAIOimS OF BONE 


)S’> 


TRAUMATIC OSTEOMA 

Tins term is coined to inclnde many of tho'^e bonv ovitgro^rtlis «hic 1 i 
for many 3 ears Inve appeared under the erroneous title of ‘ traumatic 
myositis o«sificans ' 

Pathology — Faxj designates the condition as a traumatic periosteal bone 
formation ’ and discusses its patliology lerj full) ic?4isand J/oceiirnuere 
both fully ahve as to its true n'*tiirc 



Fic 488— 0-sjrving h&matomn (•«callel 
inyo^ I < <Ma fcsns traumat «» J 


Fig 439— Tw mate osteoma (i>s 
8 Toat on ui euX per oatesl ha?matotna) 
reaultmg from a sc ere k cfc 



Tiic nature of this type of pathologic”! o’ssification is as follows 
Due either to 1 subperiosteal haemorriiage resulting from 1 severe blow 01 
to avulsion of the periosteum from the sudden pull of a strong tendon or to tlic 
gradtml but progressive pull of an oft repeated occupational strum the pen 
osteurn becomes elevated from the bone Into the subperiosteal h'umatonia 
so formed there is an ingrowth of fibroblasts and vessels , the former being 


j90 the boxes akd joints AJH) soft tissues 

de^^ed from pencsteum tend to form bonj matrix as ^'ell as ordinary con 
nectne tissue uitli the result that calcification readily occurs 

Radiological Features — At first the radiographic appearances consist of 
faiut calcified shado^^s jiosfaiWy at some distance from the bone ivluch 
gradualh becomes more pronounced and fpread in a red like manner towards 
the bone (Fig 488) The calcification may extend right doun to the bone 
or a gap may be present O sification rapidly takes place m the calcified area 
and a bony mass results 

Instances of this type of pathological ossification maybe found m the region 
of the elbow after dislocation in fhe footballer s thigh after a severe kick 
(Fig 489) in the riders bone of cavalry men above the patella after 
forcible amlsion of the quadriceps extensor and in other sites where the bone 
IS subjected either to direct trauma or to forcible muscular avulsion The 
condition is commonei m the region of the elbow because dislocations are more 
frequent m this jomt than m others and because dislocations in this region are 
invariably associated w ith aimlsion of muscles 

At the knee jomt the quadriceps may be avuJscd from the patella a 
subperiosteal btematon a may deiclop and a traumaUi*osteoma may be found 
above the patella through ossification m this hasniatoma If the jomt is fixed 
in extension this new bone fuses with the patella if movement is allowed or 
practised a gap mat occur between the ossified bannatoma and the upper 
border of the patella 

It should bo noted that these traumatic osteomata attain their luaximum 
size earlv and remain stationary for some time As a rule thev dimmifli in 
s ze after a penod and may eventually disappear 

Allied to the traumatic osteomata or ossified subperiosteal hmatomata 
are tl e bony spurs seen m the tendinous attacbnients of the tneeps to the ole 
cranon m the attachment of the tendo Achillis or of the short muscles of the 
foot to the os calcis and m many of 1 er similar sites Though there mav be no 
history of forcible muscular strain in such cases there ma\ be as Le\cts sug 
gests meo-ordmated muscular contractions which result m periosteal stripping 
buch bony spurs are often deicloped as a*resailt of occupational strain due to 
repeated mild traumata 

OSTEOCHOlVDROMATA A^D CHONDROMATA 
In spite of the fact that both smgle and multijile exostoses or osteochon 
dromata and chondromata are to be regarded as aberrations of development 
n the cartilaginous growth disc it seems reasonable to mclude them m c 
group of bony tumours TJieir structure and their mode of growth appear c ear j 
to gi\e them a right of place m such a categon For the sake of coropletene'^a 
the\ are therefore included m this group even at the nsk of duphcatien 
The frequent eo existence of multiple exostoses and of multiple chondromata in 
the same patiei t might indicate that thex should be considered concurrent v 
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but with tUe know ledge of such a co-e\istence m mind, and mtlLthe admission 
tint they may Ije ^eg^rde<] m some causes as lanants of the same pathological 
or alierrant developmental process, it seems expedient to regaKl them mdivuln 
ally mthi‘' account. 

OSTEOCHONDROMATA 

On ing to the close enibrrological connection between fibroin taililage 

nnd bone, and their mtercbangeabihty under pathological conditions, an 
o'^teochondroma may arise in 
connection with any iwrtion 
of Ixme or cartilage, or oc 
casionalH of fibrous tissue 
It Is a tumour w ho«e radio 
logical appearance depends 
hrgelj on the relative pro- 
2 >orit’ons in it of opaque Ixine 
anti tran^^lucent cartilage 
(with fibrous or mj vomatous 
tL^^ue) and of the di&tnbu 
tion m It of these elements 
(Fm 400) 

Apart from the o&teo 
(honciromata developing 
from the liony parts, it 
■•Iviuld be noted that the«e 
de^elop from the inner 
surface of the sjmonal mem 
brane of jomts , some of 
the ends may become de- 
taclied and form loose bodies 
m the jomts (“ o^teo choi - 
droiintosis ” of the knee 
and elbow joints) 

Attention will be con 
centrated hero on type? of 
Osteochondroma winch are 
associated with the diaphyseal cirtihge of bones, namely the so-called "single 
evostosb and the condition wKchfor many years'ho'' been known as “multiple 
eio-loscs ’ but which will jirobiLh' m fature apjiear under tlie more correct 
title of ‘ diajihyseal aclasis " or of “ hereditary deforming chondrodyspheji ” 

Single Exostosis 

Sites — Xear theendsof a long bone, more particuhrli the femur, tibia, and 
]mmeni-> Cases lia\e been recorded where a familial history has been traced. 



Fir 400 — Oat«ochoDdroma of iliac bone About 
e^tAl proportions of bone And cartilage 
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Clinical Features —These tumours may give rise to pain but unless a frae 
ture of the exostosis has occurred (Fig 491) this is usually due to pressme on 
overlying soft tissues or to mflimmation m the overlying bursa nhicli is 
frequently present or to sui>erini 
posed malignant changes m the 
tumour Trauma rather than being 
a cause of such tumours is frequenth 
the factor uluch brmgs about their 
discovery the patient being examined 
because of pam or dysfunction 
Pathology — Unfortunatelj o«mg 
to the paucity of pathological data 
views expressed as to the origin of 
^ these tumours are ba«ed on theory 

y ^ rather than on fact 

f f (1) Some authors are of opinion 

/ that these exostoses bemg frc 

quently found at the site of tie 
attachment to bone of powerful 
muscles or tendons such as tl e sd 
doctor mognus are related to an 
{ abnormal development of the pre 

cartilaginou's tissues uhich such 
tenders dunng the course of tlieir 
development normally contain at 
tbeir osseous attachment In other 
words they would he regarded as 
Fio 431 Sngi. (o<l~o)<m<lroni.| exaggerated tubercles for mnscolar 

of femur > th fract ireil ped cle attachments If tlus ivcre file ca e 

one would expect them to develop 
solely along the lines of muscular tension occasionally however they not 
only erode neighbouring bones but have been Icnown to turn in and invade 
even the parent bone 

(2) Another theory is that they are relics of the embryonic connective 
tissue the blastema from which jomts are developed in embrvo Ifthw 

view were correct the cartilaginous cap of the exostosis would be of the nature 
of articular cartilage rather than of metaphyseal cartilage In their mode o^ 
grow th however tliese exostoses bear a much closer resemblance to tl at o 
metaphyseal cartilage tlnn to that of articular cartilage 

(3) A more reasonable explanation is that during the process of growl 

portion from the edge of the metaphyseal cartilage becomes detached from ^ 
mam cartilage and displaced on to the surface of the shaft and tint tlus ^ 

fragment continues to grow independently at right angles to the nnm 
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of growth of the bone. The position of the CTOstosis in relation to the centre of 
the shaft will therefore depend on the time during the gro^rth of the bone when 
the diaphyseal fragment became left behind. Tlie cartilaginous cap, behaving 
as an independent metaphysis, c.anses grorN'tli of tlie exostosis, whilst its in- 
clination to tlie parent bone may beattributed partly to muscular oraj^neurotic 
tension or pressure, and jjartly to continued ^owthof the'main'bone on the 
epiphyseal side of the exostosis. ; 'r . 

Unless malignancy su])ervene3, gnmih of .tlie. exostosis normally ceases 
at the same time as metaphyseal grou-tU-in thejiarent bone ceases ; the carti- 
laginous cap then becomes ossified. . i i ; l. 

It should be noted that hi cases of “multiple exostoses"' or diaphyseal aclasis, 
an individual exostosis may present all the apjiearances of a “ single exostosis " 
as described above. Tliere appears to be"no reason to infer that the 
formation of a single exostosis is in any way different from tliat of the more 
widespread lesion, except tliat in the former, one bone only is affected. In 
other words, the theory pnt fonrard by Keilh to account for the formation of 
“ multiple exostoses ” is equally applicable, only in a.more localised way, to the 
“single exostosis." i7um« supports this view. ^ I, 

Radiological Appearances. — In the radiogram these tumoilrs are shown ns 
either sessile or iiedunculated outgrowths froraitbe bones on the diaphyseal 
side of the epiphyseal line. Tlie ends of the tumours are almost invariably 
bigger and broader tlian their shafts. The iVee end of the exostosis is capped 
by cartilage, which, unless calcified or ossified, is not seen in the radiogram. 
The appearances of the free end vary according to the relative proportions of 
cartilage and bone which arc present m it ; in some cases it is small hud smooth , 
in others large, raulifiower-sbaped , and of .irregular density. , Lilce many 
other pathoIogicarcoUections of cartilage cells, this cartilaginous cap is liable 
to imcletgo malignant changes. 

Multiple Exostoses (Diaphyseal Aclasis, or Hereditary Deforming Chondro* 
dysplasia). — The varjing titles given to this condition are a tribute to the 
^iews held as to its pathology. 

Age, — This condition, which is hereditary and which may affect several 
uidividuals of the same family, may be diseovered at any age period, but usually 
makes itself manifest during tbe period of active growth. 

Sites. — It affects only those bones where bone laid dowm in cartilage comes 
to be covered by jponosteal bone, such os the long bones or tlie scapula. 
The parts of the bones most affected ore those parts where growth is normally 
greatest. It does not affect bones formed entirely u'ithin cartilage, and is 
therefore not found in the tarsal or carpal bones, nor in the sternum, nor in the 
epiphj'sia of long bones. Nor does it affect bones developed in membrane, 
such as those forming the cranial vault. 

Clinical Features. — The more common clinical featmres of tliis condition are 
n shortening of stature, uith bowing of the forearms and legs. Though the 
xnm — 38 
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disease is usually roughly Bynutietiical tl\e lunls n\av be of diSeteut lengll 
Tlie phalanges maj be deformed 

Balpal le tumours of varying sizes *ue usually found m the affected parts 
and pain and dysfunction may result from pressure of tie growth This 
} ressure may be so great as to cause paraidegia local paralysis or even ai 
incurysm through pressure of the tumours on the spinal cords or on nerves or 
on vessels Local exacerbation of symptoms m patients over 10 years of npp 
may be the first indication of malignant develoj ments 

Pathology — In attempting to explam tlie pathological processes imohel 
m this condition the theories propounded by Keith boll pride of place 
These are a natural corollary to tl e discoveries of John Hunter concen 
mg the growth of bones Tie latter envisaged tins growtli is iniolviig a 
double process 

(a) The deposition of new bone m the cartilag nous growth disc (tie 
metaphysis) at the ends of the shafts (&) A modelling l roccss by uh ch tie 
new bone thus laid dowm is pruned refonned and incorporated as an inti ns 
irclutectural part of the cylindrical si aft 

From these premises Ketlh deduced tliat m tlio condition winch he named 
diaphyseal aclasis the essential factor is a letardation or even arrest of tl e 
modellmg process deposition of new bone occurring at tl o same time Tl is 
would satisfactorily account for the known d stribution of the disea c m 
the skeleton 

Normally the periosteum is attached to the epi] liyseal c Ige of the cartih 
gmous growth disc As tl e bone grows the periosteal cuff of the growtli d r 
extends with the lengthenuig bone so that the disc is always normally covered 
with periosteum or perichondrium One of the mam functions of tius periosteal 
cuff and of the osteoclasts and osteoblasts denyed from it is to model tie 
growang cylinder of bone in such a manner that it mamtams its nornni 
osliape IT for some reason the i eriosteal extension is aueste I areas of 
cartilage formed bone are exposed on the surface of the si aft an 1 are free 
to expand m abnormal directions with tlie consequent formation of irregi br 
outgrow ths or exostoses 

In addition to the arrest of the periosteal sheath Keith thinks it 1 kely ti at 
there is an irregular groujing and division, of the cartilage cells Jan'ien 
amplifies this suggestion The aberrant growtli of these cells would account 
for the usual shortening epiphyseal tilting and occasional lei gtlienmg o t ® 
bone which is foimd in this d sease 

Accordmg to Wolff s law the developn ent of a bone depends on the stre^s^ 
and strains to which it is subjected Tins may account for ti e fact tlia n 
this disease the radius and, tibia are as a rule better developed tlian the u na 
and fibula any stuntuig of growtli winch occurs being usually four' 
the latter bones , 

Tlie site of tl e exostosis on the shaft of tl e bone i ill presumably epe' 
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on the degree of impairment of the eircnraferential modelling cuff and tlie age 
at which this, and the disorderlv behwoor of the cartilage cells, occur The 
earlier this onset occurs, the nearer to the centre of the shaft of tlie bone mil be 
the exostosis. Theampaxrment of bone modelling, accortlmg to Keith, may 
onlv be temporary 

If an exostosis occurs at or neir tlie site of strong muscular attachment, it is 
only reasonable to expect that muscular strams will have some effect on the 
future shajic of that exostosis 

Ketlh suggests that the procc'^s described may be due to an endocrine di« 
tiirbance, probably a dysfimction of the thyroid gland Hume suggests that 
It may be due to a defect m the secretions of the pituitary or genital glands 
because of occasional association of the di'sease with gigantism Jaiisen 
suggests that it la due to a disturbance of the sympathetic ner\ous system 

Radiological Appearances, — RadiologicalK , tlie affected bones show, either 
indmduall) or collectively, appearances wlucli are elnnictenstic The nieta- 
pluseal ends of the bones are broadened and their internal structure grossly 
changed. Slultiple ostcothondroraata, or so called “exostoses,” usuiUj 
uith brood bases aud pointed tips, are seen (These are, as a rule, covered 
from their tips down tlie slop© towards the epiphyseal line by cartilage , of 
this cartilage we havt, of course, no X ray evidence unless it becomes calci- 
fied ) The cortex is thin and the medullary spaces wide, irregular, and 
translucent The bones of the forearm and lower leg are bent, tlie ulna and 
fibula are usually shortened, and subluxations at the imst, elbow, or ankle are 
frequently present The epiphyseal axis is often distorted 

Wheretheostcochondromataorexostosesprotrudebetween adjacent bones 
such as the tibia and fibula, one or oflier of these bones may show absorption 
from erosion, or local fusion may occur. 

CHONDROMATA 

Tliese cartilagmous groivtlis, occmrmg usually lietueen the ages of 20 and 
30 years, may be either single or multiple 

Single Chondroma 

Sites — Tlie smgle chondroma occurs most frequently m a small long bone 
of the hand or foot, an a jrib near the costal cartilage, m the sternum, pelvic 
lx>nes, scapula, occasionally in the spine, and rarely m the skull There is often 
a history of preceding trauma 

Radiological Appearances. — Radiologically , the appearance of a chondroma 
vanes accordmg to uhetlier it has an'^en mthe central or the peripheral portion 
of the affected bone If centrally ’Situated it is shown as a well defined 
translucent area surrounded by a bony capsule (Fig 492) , if the chondroma j« 
large, the cortex may be thinned and expanded , tralieculation mav be present 
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in tho translucent area If artsm^ tn i&e cortical bom the latter is destrojeJ 
so as to present a depression in its surface u hilst the more superficial aspect of 
the tumour is seen as a round faint shawiow protruding mto the soft tissues and 
deformmg the outline of the affected part Whenever the groudh lias per 
fo ated the surface of bone or penetrated mto the soft tissues xehcs of t! c 
original cortical covering are seen as boni flakes of varjung sizes on tl e pen 


\H 


Fig -19’ — Central chondro 
mata of phalanges irjth a 
pathological fracture ^ole 
encapsulating sclerot c area in 
the bone 


Fio 493 —Eccentno chon 
droma showing flakes of cor 
tex on surface of cart laginous 


pheryoftbegroMth(Fig 493) Sometunesclondromatacontamareasofcalci 

fication and ossification in their interior , 

Pathological fractures, though reputed to be less frequent than m simpe 

bone cysts are frequently seen they aro more likely to occur if my^omatoa? 

degeneration has taken place m the chondroma 

In the hand and foot these tumours arc more common in the phalanges 3° 
in the metacarpals or metatarsals — the reverse of the distribution m e 
parts of bone cysts and bemgn giant celled tumours 

In the long hones single chondromata are comparatively rare 
Mahgnant changes may supervene in this as m all other groirths w 
cartilage predoramates 
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Multiple Chondromata 

Sites. — Tliese have the same anatoniical di^ibutioii as single chondromata ; 
they may, liouever. also be found in the long bones, such as the humerus, 
radius, femur, or tibia. 

Because of their occurrence near the epiphyseal lines of the loug Iwnes 



rio. 4y4. — llultipio rsostosca confinevi to Fio. 495. — iWlipto chontiroumta jq a case of dm- 

itapltjeeftl region', of motacarpaU anti physeal aclasU. 

aknges. 

(Fig. 494), considerable confusion has arisen regarding the mutual relationship 
of multiple exostoses and multiple chondromata. 

Pathology. — Hume regards the chondroma as Iieing due to an abnormal 
stimulus affecting tlie centre of the gro%vtb-disc alone, and interfering with the 
procc",? of ossification ; a single exostoas is regarded as being due to a stimulus 
affecting a localised area of the periphery; while multiple exostoses arc 
regarded as being due to a similar bat more general stimulus, affecting the 
gTO%s th-disc of all the long bones. £'ci(h also regartVs the tv> o diseases (mulfiple 
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Fig 496 — 3iu]tiple ossifying ecchondcomata of the hand 

exostoses and multiple chondromata) as being of a similar nature Janstn 
groups tlie two conditions under a common heading and eniphasi=es 
their relationship 

Cases are not infiequently seen m which both multiple exostoses and muldpl® 
chondromata co exist (Fig 495) 

Radiological Appearances —The X ray appearances of the individual 
tumours resemble these already described under single chondromata (central 
or eccentnc) 
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OUier’s Disease 

Olhtr has desciibed a umKtenl \'irietj of choiidro-djap! isia oteuriin^ 
tn children {siib^equentlj tlie changes m this di^-casc hare often been found to 
be bilateral) The distribution of the lesions m this disea*^ follosis closeli 
that encountered in multiple exostoses this has led Kexth and others to 
conclude that Ollier s disease is mereh a xancta of 

Radiological Appearances — In this disease ^ 

there nia3 lie present the lesions either of multiple 
csostoses or of multiple chondromata or of tioth In 
\ddition some of tlio Ixmcs Uiou characteristic C 
appearances m the nature of longitudmal btriai of v 
transluecncj surraunded by lines of increased \ 
densit} The nutrient forimina ma> be enUrged 
the translucent lines running from the e enlarged 
foramina towards or e\cn xip to the e})iphj'eaUme 
There may al o be stip]ihng in the carpal and taisnl 

Ixincs and occastonallv m the tiictaphjscs tml aR 

epiph}iscs of the long boneji and ui the pelxas ' 

capuli nnd claxacle ( osteopoikdie ) In nin 
uuliMdual ca«c one or other of the«c appearances 
max i)c the outstanding feature As the jiatient 
reathe-J adult life some of the phenomena !>ecomc 
le«ft obvious and mar ei en disapiiear 

Pathology — Jaxisen )a>s stress on the fact tint 
m this disease there are marked cxadenccs of dis ft 

turbances of the blood aesvels or of their inneiaai ft ^ 

tiori on m experimenls on rabbits has l>een 

able to reproduce some of the characteristic ap 
} caranees of OlUer s Aiboabe such as the unossihed Jlfti 

cartilage and the strntion bj injuring the nutrient 
irtera to the tibia bj injection of OG jier cent 
ilcohol He nl o jxmits out that the dense nicta 
phxsoal stria, and the radiating stnai in the iliat 

Ikuic follow the hne> of the blood vessels He — llumems or 

concludes that paresis of the blootl \essels is the s*™eca.Mj&siig 4J« Chon 
r .1 1 _ .1 » II Ironata of the f utneml 

i lusc of the di ease irom this Jan^n whilst gjiaft notes fed 
adlienng to the theora that the ap|>earinccs are 

due to a d^sotiation of bone growth regartU the latter as being brouglit 
ibout cither bj an msufScient formation of blood vesseli in the affected 
parts or b\ a raeocon«tnction due to fouUi action of the sjTupathetic 
iienaius sj stem 

H ercis I b\ umslv a nlitionship between diaph\ _ca)_acl h is multiple 
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cnchondromata and Ollier a c]i£ea% our knoivledgc of the cause of the" r 
cesses mvolred IS houe\er stiUiagne ' 

GIANT CELL TUMOUR (OSTEOCLASTOMA) 

Thou^li termed benign it should be noted that these tumoura tend to 
recur locally after inadequate surgical treatment and cases have been recorded 
M here lung inetastases have oecoired possibly due to the release into the blood 
stream of viable cells iibich have been dislodged during curettage 

Age Incidence — This tumour is usually discovered between the ages of ‘’0 
and 40 5 earn the epiphj seal line thus being as i rule closed 



Ft, 49S — Gsbit cell iiuROar of flxulo Bbomng iTfkl^eculat on "Notp nvetaj 1 jwal 
rathor than op p) >fval f te in tins ca^ 

Sites — ^Lsually m the epij b>!»eal or juxti-ej iphj fceal region of tl e loo erend 
of the femur the up^ier end of tlm tduaot the lower end of the radius or tibia it 
ma\ less frecjuentl^ be found in the up[ er end of the fibula or rad us or more 
rarelj st H in the mandible vertebr® or otl er bones . . 

Clinical Features — Manv cases give a definite historj of local trauma o 
lowed b> pam and later b> tumour formation Trauma is a more spfrt 
nntecedent or possible cause of these tumours than is the case in simj 
bone cysts In the latter tl e trauma is usualh the factor nhich draws 
t ion to the pre existing cv st m tl e giant cell tumour the trauma is more « 
to be tl e cause of the subsetpicnt tumour . 

The pain in tlie giant cell tumour is more severe and more constant n 
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cj'-ts Tlic rvte of^trovtli of tlic tiwnoiir, tliough slow , is more rapid m 
t he giant -colt tumour hut pathological fractuas are Icsi^ frequent than m bone 
01 though disfunction from local dcfoniiitj nn> bo prc«cnt 

Rareh the degree of \ascnhiritj of lhe«e tumours is ho great that on 
|ia!patioii cxjnnsile pubation is felt — one of the \nncties of “ lione ancurjsm ” 
Itoing produced 

PathoJog) — ^Tlie eliaratttristie histologicat finding m thoe tumours js that 
of {V large number of muUmnclentcd pnnt celU innnj of which nro uniform m 
S 17 C and in the sire of tlieir nuclei (m contradistmction to those found in o^teo- 


cente sarcoma m whieh the mzc of 
tlfc nuclei ■v’nrics) Tlicre h n con 
uective tissue matnt and mnn\ 
thm walled capillaries which gi\c 
nee to the areas of hTinorrhnge 
which are usualU wen in the 
tumour When t!ic ra«culi\r ttssiic 
ts acrj ahmuhint, the k* called 
“ bone ane»ri*sni ' mar l>c formed 
Ihe penostcuni oacrl^ing tlic tumour 
shows a tendency to form new liono 
which senes to limit or encajHuhtc 
the tumour Tlie lino of iletnarcaiion 
I etween the tumour and healthv Iwne 
IS as a rule, <h«rpU defined 

Radiological Appearances The 
ilTtctcd portion of bone, either m 
whole or more t‘onunonl> <in ont side 
only, shows an exiwn^ion surround 
mg an area of tninsluccnc>, in which 
loaise trabecula; may or mn\ not ho 
seen (Tig 408) 

The cortex la thin and nia\ lie 
broken, eitlicr hj a spontnncou« 
fracture, or, more rnrcl}, b} de^tnie 
tion with cstcnaion of the tumour 
into soft tissues (I'lg 490) M here 
two bones ire adjacent, the tumour 
niaj spread from one to the other 
along fascial or tcndinoits planes 

The tumour is not encapsulated 
b\ sclerowd bone as in the chon 
tlroma It mas extend up to, hut 
not as a nilc through, tlie neigh 



Fir 49*1 — Cl ml •Tell tumour of )>ameni» 
tfiiippcAnuic«stig(!<»ti\oofpn(i9<ul<3 Kpiculiti 
n scon, ttml iw »t sulMxiucntly expand si and 
ile^royrd the eorlex imd cxlpa*-iv-e)j inioded 
the eofk t«»ue« « red olopcal diopnobu of 
cMfeogemc eairoma wm made On micro 
scop e cxatninntinii howetcr it was rcfOrtf^J 
toheapim nijcloma — the old name for 
giant-ccll tumour 
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!>ouring articuhr surface » the sub'irticular bone shows a slight reactut 
thicl ening and i sharp line of demarcation 

The tumour taking the Ime of least resistance grous up the meduUai'j 
canal but shows a sharp hn© of demiTC'vtioii (unhke the sarcoma) In vieir 
of its dome like diaphyseal limit this may show m the radiogram a graded 
density at ting periphery 

Frequentlythe tumour is subcortical and confined to one side of the bone 
In such cases a ‘ soap bubble * appearance on the surface of the bone iniv 
occasionally be presented 

WJiere bony projections are present in the vitmity of the tumour (e g the 
femoral condyle or the adductor tubercle or the transverse process of a verte 
bra) the tumour tends to grow into such projections 

VARIANTS OF THE GIANT-CELL TUMOUR 
Scieial pathologically atypical or modified \arieties of gnnt cell turaoir 
may occur As these possess some points of radiological and piogno<stic 
importance the more inijiortant ire described here 

(1) Xanthosarcoma 

Pathologically this is a solid type of giant cell tumour which is yellow 1 1 
colour because of many large polyhedral cells containing yellow hpoid granule-* 
(so called xantiiomatous cells) 

Radiologically it is often big g,nd may break dowoi its bony penpheii 
It grows into but does not mfiltrate the soft tissues 

It mar destroy the epiphysis and bring about collapse of tlie joint surface 
thus differmg from the typical giant cell tumour 

It tends to recur after curettage and on becoming mfected it liny showti o 
sujienmposed \ ray apjiearances of an osteomyelitis 

(2) Fibrosing Type of Giant-cell Tumour 

In this part or whole of the tumour becomes converted into a spindle cell 
collagenous connective tissue This appears to be a healing process , suci a 
tumour may become a fibrous mass easila shelled out 

Radiologically, there is no characteristic featmc to distmguish thi-^ tunioi r 
from a gnnt cell tumour 

(3) Giant cell Tumour of Cartilaginous Origin 

This is mereH a giant cell tumonr appealing at the ends of long 
which stieal^s or masses of cartilage near the epiphyseal line have been 
sorbed It shows no characteristic \ lay appearances 

(4) Telangiectatic Giant cell Tumour 

This IS a non malignant tumour often exteuduig a considerable di t^n 
along tlie length of the shaft 
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Expansion of the Ixjnc, with trabccttlse or ftopta seiwrating the individual 
translucent si)aces, is seen. 

On palpation expansile pulsation is felt, and both radiologicalJy and even 
microscopically it may be difficult to differentiate it from the malignant bone 
aneurj^im (telangiectatic osteogenic sarcoma). The latter is, howc^'cr, more 
rapid in its grou-th, tends to absorb its peripheral nulls more readily, producer 
lung metastases, and rapidly comes to a fatal tcrmination. 

(5) Borderline Cases of Ciant-ceU Tumour 

Tliose are tumours of doubtful benignity, which, ui addition to giant cells; 
contain spindle cells, though tlie latter ate not markedly deeply staining. 

Central in location, they cause much l»otiy destniction, perforate the cortex, 
and extend into the soft tiasue. Radiologicall}', the chief differential point 
lx?twccn them and osteogenic sarcoma is that they do not involve the peri- 
osteum, and in no view vs a reactive triangle deinonstrable. 

Tliej’ recur locally and should inspire a guarded prognosis. 

(6) Apparently Secondary Ciant'celi Structure in Malignant Osteogenic Sarcoma 

Wherever bone is in process of absorption, giant cells of the foreign-body 

t3*po are found. It is onlj' to be e.vj»ected that in osteogenic tumours where 
there is blood-clot or infection, or where there has been trauma (surgical or 
othera'iso), such giant cells should be present. It h the finding of such cells, 
in the abronce of the tj^jical cells of osteogenic sarcoma, nhich may lead the 
lithologist to the crroneou.s diagtiosis of giant -celt tnmour in a case of osteO'- 
gcnic sarcoma. 

Tliis fact has led Ewing to insist that such histological examiivationa per ec 
ttmj' be fatally misleading unless a typical portion of tumour tissue is rcmove<l 
and submitted for examination. 

H/EMANGIOMA OF BONE 

In 1030 Bucij and Capp analj'sccl and summarised tlie hitherto published 
cases of this condition, which, though n clinical rarity, is not infrequently found 
at ix>st -mortem examination. Thej* dcscrilw three types of case, each sliow- 

(1) Haemangioma of the Vetlcbrae 

Occurring at anj' age, sj'mptoms, when present, are those of compression 
of the spinal cord, and arc indl«tinguishoblefrom tliose of tumour of the spinal 
cortl. TJjo radiographic apiieanmces nre characteristic. Ovring to an irregular 
absorption of some of tlie tralwcul.'c, and thickening of otiicrs, the vertebral 
bod\' sliow.s parallel coatbc ^*ertical stciatioiia, with loss of normal architecture 
and an incrca.«ed tranahieencj* of the bone (Fig. oOO). The abnormal trabecular 
formation may involve the pedicles, Iransvcj^e and spinons processes, the 
lUrcction of the htriie varying accordingly, itore than one vertebra may be 
affected. Collai>se of the vertebral body is rare. The discs are not affected. 
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(2) Hsmangioma of the Skull Flat Bones and Clavicle 

Though commonest m the skull this tumour is also found m the scapula 
ihum claTiclo and occasionally m the long lK>nes 

Radiographieallj there is evidence of expansion of the bone vnth loss of 
translucency The tumour shows a honeycombed appearance with fine bom 
trabeculie radiatmg from its centre TJie cortex may be penetrated or 
destroyed but the periosteum reraams intact though expanded and forms a 
thin bonj shell (c/ osteogenic sarcoma) 


(3) Haemangioma of the Long Bones 

The characteristic radiographic feature is an almost complete absence of 
erosion with tie presentation of an appearance resemblmg soap bubbly 
in the subcortical or subperiosteal regions at the ends of the diaphjsis lb® 
X ray appearances may resemble those of a giant cell tumour except tliat in a 
hcemangioma the locuise are smaller and are traversed by a fine fibn] ary 
framework Tlie cortex is partially eroded , the periosteum is intact u 
expanded w ith the resultant formation of a thm bony capsule or shell ® 
tumour may affect one side of the bone or it may completely surround it 
Pathologically the tumour is usually of the nature of a caveruous 
lifemangioma with large blood filled cavernous spaces and a variable amoun o 
connective tissue stroma 

These tumours are benign and are responsive to N. laj treatment 
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CLASSIFICATION OP MALIGNANT BONE TUMOURS 
JIaxy classifications of these tumours hAve-lieen evolved, some depending 
on their Ufe-luatory, others on their patliological anatomy and tlieir histological 
structure. The host known of such classifications is tliat adopted by the 
\menoan Bone Registry. Tliis concerns itself chiefly witli tlie life-history of 
tile tumours, relegating to a secondary position their histological structure. 

Their classification is as follows : " 

1 Metastatic tumours, primary in tissues other than bone. 

2. Periosteal fibrosarcoma. 

3 Osteogenic turaoursj (a) benign, (6) malignant, 

4 Inflammatory conditions. 

u Benign giant-cell tumours. 

C Angiomata, (<z} benign, (b) malignant. 

7. Euing’s tumour. 

8. Myeloma. 

This classification, from the radiologist’s iwint of view, holds pride of place, 
for It not only mcludes all the malignant tumours ulueh he may meet, but 
also takes mto consideration the inflammatoiy lesions and the benign tumours 
ubich may cause confusion in tlic differential diagnosis. 

METASTATIC BONE TUMOURS 

Age Incidence. — ^Metastatic carcinoma in bone is usually found after the 
age of 35 years, most commonly between the ages of 40 and GO years 

Sites. — ^These tumours are usually multiple, but may on occasion be solitary. 
Any of the- body may he invidred, but they are not ronomon hch>w 
Imee and the elbow. The commonest sites are the upper end of the femur and 
of the humerus, the vertebral boiUes, the pelvic girdle, the ribs, and tlie 
cranial vault. 

Metastases from a breast carcinoma (more frequently of the scirrhous tj-pe) 
are commonest in the spine, jielvis, femur, skull, ribs, and humerus. From a 
prostatic caremoma the metastases are commonest in the pelvis and lumbo- 
sacral spine. From a hj'pemepliroraa common metastatic sites are the spine, 
pelvis, femur, Imraerus, skull, sternum, and ribs. , 

Clinical Features. — Though pain is a common sjnnptom of these tumours 
it does not necessarily arise because of the bony mvolvement alone, but because 
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of involvement of ner\es Tlie pam associated with spinal metastases arnea 
as a rnle only when nerve roots are involved One has seen cases in -tthicli 
pam has heen a promment symptom months before the vertebral metastas s 
Ins become demonstrable radiographically 

Not mfreqnentjy attention is drawn to the lesion ma long bone onlybj the 
occiirrenee of a spontaneous fracture ivithout any preceding pain A palpable 



Fi 01 Metabta«cs from breast care noma n hamenis scapula andrbs In sp te ofmartr'l 
destruct on collapse has not yet occurred in the humerus 

tiimolu m a long bone is usually found only after a spontaneous fracture 1 as 
taken place 

It should be noted that bony metastases may occur many years after « 
primary lesion has been discovered and dealt with 

Pathology — ^T1 e pathology of the secondary tumour obviously depen s 
the nature of the primary growth 

The commonest primary sites arc the breast (Fig 501) the jrosta ^ 
adrenal glands (liypemephroma) (Fig 502) and the thyroid Lc'S coW 
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primarj sites are the ahinentari 
tnct ^mcludmg the tongiie) {Fig 
j 03) and the hing (Fig 504) and 
le-'S common still tlie testicle (Fig 
o05) bladdei, ovarj , or shin His 
tologicallj the metastasis shows the 
same stnictnre as the primair 
iiiowth 

Metastasis takes nlace more 
commonly via the blood «5treRm 
(hence the frecjnent origin of nieta 
fttases m the bone near the nutrient 
aesseU) or o(;ca3ionaIl\ ana, the 
Ivinphatics (sueli as those connect 
mg the femur with the pelvis via 
the hgamentnm teres) 

Radiographically the metastasis 
innv be " osteolytic,” or it ma\ 
lie osteoblastic ’ or ‘ sclerosing ’ 
but irequently a combination of 
these IS seen 



tic oO' — Solitary metastasis id humenis 
from hN’pemrpliTorQo CoHajwe lias not yet 
occurmi 


Bence Jones proteoses niaj be 
discovered m the nrme m cases of 
metastatic eartmoina 

Radiological Appearances — ^Thc 
\. roj api)eaTan«8 are depiendent 
on the invasion of' the bone bj 
malignant c^Is deposited in at 
cither by the blood stream or lym 
]>hntic cbannela ‘ At first these 
deposits are too sifiall to show anj 
caidence ui the radiogram, winch 
maj in suck cases have been 
taken because of local pain in the 
bone In rases of peisistent pam 
m the bone without obvious 
radiographie cause it is therefore 
essential to repeat the evamma 
tion at frequent intervals fFig 
506) because of the po&sibihty of 
a deaelopmg metastatic or sarcoma 
tons disea‘=!e uhich is not demon 
strahle in the earlier radiogram': 
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Where metastnses ha\e occurred thej uill hecome radiographicaUj evident 
wthin a feu weelvs As the bone change is one of replacement of the invaded 
bone by neoplastic tissue and as there is as a rule little or no reactive huIi 
periosteal proliferation no eiidence of tumour formation in tbe long boie 
nor of collaps** in the -i eitebral bodies is found m the early stages 



!Fig S0< — Aletasta** s in 
vdiv» from pr mary broncho 
gen c carcinoma 'Vote 
punched out appearance of 
bone wh ch has been ob 
eer\ed in many tnetastaseo 
from lun^ 



Fro 50o — tleta?ta»es m t bia and 
«i,te4)^ia. foiro. malignant teratoma 
of teat cle 


Osteolytic "Metystases — The commonest metastases — the so-^ 
osteolj tic tyjie — are not only corajmsed of tissue which is more trai^ ucen 
than bone but tbev ei ol»e no reaction m the nature of mereased ossifica 
They are therefore shown m the radiograms as translucent area 
one or more bones irregular m shape and of ^ arymg sizes (Figs 50 \ 

clmical evidei ce of their pre'tence may have shown it«elf till tbe onset o 
or of deformity and dysfunction from a pathological fracture or till pressure 
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or invasion of nones. In*? talven place In a ease of spoiU incous fracture, 
therefore, a careful searih mint he made for mj loi d radiographic caidcnco of 
osteoporosis or of bone destruction in the region of the fracture (Fig 509) and 
for any tranducent areas cl«ea% here in the aanic or other bones The findmg of 


an existing primary gronik 
m the breast hidnej, or 
elsewhere a'lll further 
strengthen one b suspicioiis , 
IS aho will the histon of i 
pnmarj grow-th uinch has 
existed jircvnondj , whether 
treated at the tune iiitli 
appirent success or not 
E\eT if no pre<:ent or past 
primara growtli has lx;eu 
found the con\*iction of the 
radiologist should not be 
shaken, for mana such 
[inmnrv growtlis offer no 
clinical evidence of their 
pre«ence 

The osteols tic met istasis 
repeals it«elf aj> a ragged 
translucent area tn the hone 
Mithsimilar po*, ibU smaller 
areas el^uhere Soinetinies 
tliCMj areas become confluent 
llicse nietastases start as a 
nde m the medulli and av 
they grow inaade the cortex 
from -wathm Though u«*uall\ 
homogeneous the trnvshi 
cent areas max show a 



tic ,>00 — Mct«ctii i-itronnaninomAinoinmjjjntrwia 


mottled apjiearance and the 
rest of the bont nnj fcJiow an 
osteoporotic ainiearanc-euith 
multiple suiall translucent 
areas The cortex as a rule 


\erse j roev's of oth I imbur wrtebra Ka<l ographe*! 
l>poa 1^0 of 6C\ero liackachc No bone cliange (-hown in 
first raaliogreni I ut cJoarK hi own ( Ipstniction of tran^ 
vetso process) iti topeat rn l opuui three a 1 1 a half 
montlrs later 


sliotrs no e\|)ansiou till almost comjibtc cortical invasion fiom nitlim has 
occurred Occaeionalh a «h"ht thickening of the corte'^ above and beloii tbe 
metastasis is seen rendering the differential diagnosis from a sarcoma difbcnlt 
m the case of sohtarv lesions 


Hjiiemephromatoua secondatv deposits differ from other metastases m 


MUTT— 39 
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that thej slion a greater tendency to oeenr as 
single lesions Tlle^ also more fraqaently give 
rise to a bulging of the cortex and to invasion of 
the soft tissues unlike other metxstatic tumours 
In osteolytic metastases m the vertebral 
liodies translucent areas are seen m the medulla 
usuallj in more than one v’ertebra pcssibK 
«ome distance apart At first no collapse take^ 
place but as the metastasis increases in sire 
collapse of the bodj occurs Tlie mterverte 
1 ral disc hoirever is not involved (Fig 510) 
OSTEOBLASTtC OK SCLEROSU»(J AI^ASTVSES 
— ^Tbese arise as a rule from a prunarj growtli 
in the prostate hut ma} on occasion be foimd 
m certam cases of scirrhous carcinoma of the 
1 reist (Fig 511) In the former the bone 
ciiange is usnallv confined to the pelvis and 
lumho sacral spine but may aI«o mvolvc the 
upiier half of the femur The charactcn«tie 
finding m such cases is a general sclerosis or 
increased density of tlie affected bones This 
mereased densitv is p-itchy arul is ofien asso 
civted TTith 





fto jJO — Collapsrf> t)f a vertebra 
£iom rocta-tat o care noma, D ■** 
intact. 


Jic t>09 — ■MetasUatoinh mer 
9 from breast cartuionta Onb 
mny or mn-s •’'S'* '>«>“<» "f 

, . - inetastajLfta present yctapatfii 

not DC thicl logical fracturo ha^occi rrpcl 

ened Not m ^ 

irequeiuij ffic tfiscovery of the pnmarv 
lesion in the prostTte follows on the radio 
grajKic denumstratiou of such metastatic 
bone changes in the pelvis or spine the 
patient having been radiographed for 
1 crsistent backache 

OSTEOGENIC SARCOMA 
Introduction — \t the outset a clear 
definition of the term osfcogenic as 
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Fio dll Metastat c care nomato a of pch a femora etc M xed ostco]>t c and seleroBing 
type Pninary m breaat 

applied, to sarcomata seems desirable Hert ler defines tl e tcim osteo 
genic as meaning jiroduced by or produemg bone He quotes Godman as 
sajing These are tumours at hid are believed to be dent ed from cells wl d 
are supposed to be the common ancestors of the cells at hich form bone cartilage 
the fibrous network of bone and the tissue formerly called injxomatous 
(winch from the point of view of pathology is merely a phase of cartilage or 
fibrous tissue) In view of this it is not surprismg tl at the I istology of bone 
sarcomata gives rise to considerable confusion of thougl t and to frequent 
difficuUi s in exact patl ological mterpretation In their earlj diagnosis the 
radiologist must be prepared to face a grave responsibility for unless the diag 
,Jlosis can be made earl} it is often useless for the preservation of the life of tie 
patient Tn case of bone pains in joung patients repeated X ray exammal on 
is frequently of tl e greatest value Tlie mtervaLs si ould not be more tl an one 
week and the earliest sus] icion of sarcomatous cl anges must be 
sought for To wait till such appearances are sufficiently well developed to 
absolutely diagnostic is often fatal The closest collaboration bet reen ^ 
radiologist and tl c dm cian must be mamtamed and there should be no e* 
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tation in solicitmg the md of tJie siiigepn alid of the pntJiologwt in the perform 
luce of a biopsy Great ns are the difficulties of the pathologist his task cnu 
be made hopele'ss if the surgeon fails to produce for hi-? examination a portion of 
the tumour ubich is charncteriatic 

An excellent account of the responsibdittes of thd pathologist u itb epecnl 
reference to biopsv is that of 5 onng Ho regards radiologj and biopsy as 
being more jireci-ie as diagnostic procedimes thati clinical surgerv In cases of 
radiological doubt he strongh advocates bjopsj jallier than serial radiographj 
because of the dela j entailed u ith the latter procedure Tlic method he favours 
IS a decompression of the grou-th bj ojieii operation during which a piece 
of tissue large enough to be regarded as a fair sample of the lesion should bo 
excised c irefiiUy for tlie purfxises of microscopical diagm sis If the pathologital 
report is not conclusive another piece of tissue should be exci ed as before 
with the least possible delaj If the lesion is proved to fic a bone Sarcoma 
amjutatiort or wide resection slould be earned out mimediately If 
hoppilv the lesion i« not hone sarcoma other appropriate measures should 
be applied ' 

Ojihnc on the other baud lieheaes that an opinion Imsed on a careful 
consideration of the lustory ph>3ical signs radiographic aiipearonces and 
reaction to radiation is more Jtkelj to be right than one domed from the 
exammation of a piece of tissue remoaed for section He suggests that we 
form our decision on such grounds alone 

Age Incidence — ^Alost Ixme sarcomata occur liefore the nge of jears 
but thej maj on occasion be found at a later ago period especially wlcre 
tl ey occur as a complication of elderly diseases bucIj as Paget s di'sease 
(osteitis defonr ans) 

These tumours are commoner in males than m females 
Sites — Tie vast majority of bone aarconiata oe<,ur m tie lower limb 
especially m the lower end of the femur , other fairly common sites art, the 
ujijier end of the tibia and upper end of the huiuenia Tliese three sites 
between them account for two thirds of all osteogenic 'sarcomata Barer sites 
jire i}fe Minis j-jjdms Mas sad ocesmo^ij ths sespMs They sie 

never found in the metacarpals metatarsals or phalanges of the liand or toot 
Tliej do not traver>e cartilage though the author has ‘lecn one ease m w Inch 
the uppci end of tho tibia tvas involved from extension of a sarcoma of tlie 
lower end of the femur presumably na the crucial ligaments 

Pre existing simple lesions such as ostcochondroniata (exostoses) 
chondromata giant cell tumours or Ptiget s disease may develop sarco 
mntous changes 

Clinical Features The usual sequence of cluneal ev ents is m tl e follonang 
order (l)trauinfl (2)ram (3}tumoiir (4)cachexm (5) pathological tracture 
Tpattua — ^T1 ough bone sarcomata may develop without any clear history 
of precedmg trauma suehalustoryisxo frequently obtainable thai trauma must 



014 


THE BONES AND JOINTS AND SOFT TISSUES 


undoubtedly be regarded as a definite localising factor, possibly m a patient 
with a predisposition to this type of tumour 

Pain — ^The pain, at first sbght and intermittent but later becoming more 
severe and constant, and often worse m the warmth of bed, is due to pressure 
on, or invasion, of, the periosteum It is usually the earliest symptom (except 
in the periosteal type) 

Ttjmouk — This usually follows the period of pam, and at first may not be 
discernible Sooner or later, however, an mdefinite spindle shaped tumour 
can be palpated if affecting a long bone, or an mdefinite swellmg if afFecting 
another bone In the periosteal sarcoma the tumour may be the first 
clinical sign 

Cachexia — ^This is a late occurrence, and is attributable as a rule to 
metastatic deposits m tlie lungs, which may on occasion be present before the 
tumour has reached any appreciable size 

Pathological Fracture — ^This is a rarer findmg than m metastatic 
carcinoma, and occurs only when the disease is advanced According to 
Platt It occurs only m 8 per cent of cases of bone sarcoma (as opposed 
to 33 per cent occurring m metastatic carcinoma) 

Pathology 

MACROScoric ArpEARANCES — ^Ih his account of the pathology of sarcoma 
Zferfzler emphasises two pomts, viz (l)that the surgeon at biopsy should fully 
appreciate the macroscopic appearances of sarcoma, and (2) that he should 
select for histological examination, characteristic tumour tissue One of 
course assumes that before such a procedure is attempted due regard will hare 
been paid, by all coticemed to the clmical features of the case, and to its 
radiographic appearances 

The essential raacroscojiic findings m bone sarcoma are Bimultaneous bone 
proliferation and bone destruction Accordmg to iTofodny bone destructions 
always m excess of uhat might be expected from a study of the radiogiams 
As opposed to osteomyelitis the bone, when cut is more granular and fragie m 
sarcoma and the tissue is more vascular In all sarcomata medulla, co ex 
and periosteum are mvolved In rapidly growing sarcomata the penos ca 
changes may predominate Tliere may be mottling of the cut bone om 
varjung degrees of rapidity of growth , there may be heeniorrhages , 
be cystic changes , there may be mvasion of the medulla by new Iwne o 
tion m solid bone tumours , and there may be secondary tumour forma ion 
the bone, at some distance from the primary growth 

Micnoscopic Appearances — ^In the histological exammation o 
tumours the chief aim of the pathologist is to differentiate between 
and malignancy, a task which is often difficult In sarcomata the c ar 
istic feature of the cell structure is its variability The more 
structure the less likely is the specimen to be sarcomatous A c arac 
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featureof the cells of osteogenic sarcoma is the deeply staining nature of their 
nuclei. In the excessively malignant tumoius large, deeply staining mono- 
nuclear giant cells are found. In Jess malignant tumours the characteristic cells 
may be spindle-shaped, or round, deeply staining cells, uath fibrous tissue 
interspersed. In addition, strands of bone and islands of cartilage may be 
foxmd. It must be appreciated that deeply staining imiltinuclcar cells are not 
characteristic of bone sarcoma, but are also to Ijo foimd in callus tissue and in 
the region of 8ubj)eriostcaI luematomata (myositis ossificans traumatica). 
Thej’ may, however, be found in Jwnc sarcomata, especially if there is degeriera- 
tion of blood-clot. 

Classification. — Of the n>any classifications of bone sarcomata Arinch have 
been evolved, that of the Bone Registry of tlus American College of Surgeons, 
as modified by Euing, is very helpful. It lends itself readil}' to a comparison 
of various types of sarcoma with benign lesions, with which tliey may be con- 
fused radiologicalh'. 


I. CLAssmcATiOTf or the Boke Registry or the Asiericax College of 

SUROEO>-S 


Typts of jSarcojna 

(а) Periosteal. 

(б) Medullary and aubperioslcnl. 

(c) Telangiectatic. 

(d) Sclerosing. 

(«) Fibrosarcoma, 

{/) Atypical unclassified. 

i. Kwrxe’s CLASsmcATiox 
Ttjp€3 of Sarcoma 

1. Medullarj’ and subjieriosteal. 

2. Telangiectatic. 

3. Sclerosing. 

•4. Periosteal- 

j. Fibrosarcoma. (Mcdnllarj* ; 
Periosteal.) 

6. Parosteal (including GapsuJar). 


Lesionjf Causing Confusion 

1. Ciironic osteomyelitis, etc. 

2. Vascular giant-cell tumour. 

3. Benign bone hypertrophies. 

4. Traumatic and syphilitic 

periostitis. 

3. Extra-osseous lesions. 

6. Benign joint affections. 


RADIOLOGICAL APPEARANCES OF OSTEOGENIC SARCOJtA 
The classification of an' osteogenic sarcoma in any particular group is often 
impossible from the purely radiological point of view. Such a segregation is 
usually possible only after a carcfiil evaluation of all the various Tadiological, 
clinical, and pathological features presented. The degree of vascularity, for 
instance, can be assessed only by dinical and pathological examination, and is 
not a feature which lends itself to radiolagtcal interpretation. 
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O-jteogeiiic sarcomata wliether medullarv, s\ibperiO'5teal, telangiectatic 
or sclerosing, alaajs contain an admixture of osteoljiic and sclerosinff ele 
ments, and all miohe, sooner or later, and to a greater or less degree, medulla, 
cortex and periosteum One element maj'^ predommate, so that m the 
radiogram the major element maj appear as an osteoliiie or osteoblastic 
process It must be appreciated tliat the osteoblastic or sclerosing process 
should be regarded not so much as the sarcomatous disease itself, as the effect 
of the disease — ^Nature’s evidence of resentment to the disease, and her attempt 
to limit it E\en the most osteoblastic tjpe of sarcoma contams osteolytic 
elements though in the radiograms these may be obscured, or to the naked eye 
they may be apparently obliterated by the sclerosis which ls predominantly 
demonstrated Another pomt whicli must not be overlooked is that a radio 
gram penetrates the whole substance of the bone so that cortical, periosteal, 
or even soft tissue changes may obscure, or may be mistaken for, the pureir 
medullary changes, with a resultant tendency to false interpretation of the 
true state of affairs 

The radiologist should therefore, be content witli deciding, if he can, 
whether the tumour m question is an osteogenic sarcoma or not, lesTing 
refinements of classification to the clinician the surgeon, and the pathologist 
No attempt is made m this article to make a radiological differentiation between 
the various types of osteogenic sarcomata all that can be done is to indicate 
the various ty’pes of bone cliange w hicli may be encountered m such a tumour 
Even so too much emphasis cannot be laid on the necessity for the careful 
investigation of the history of the case and for the clinical examination, along 
with the radiological findings With these data before him the radiologist is 
often m a position to offer a firm diagnostic opinion To make a diagnosis on 
radiological e\idence alone is sometimes justifiable, but to do so regularly is to 

court disaster In many cases even with all the above mentioned data avail 
able an element of doubt may still be present , m such cases no hesitation 
should be shown m calling m the aid of the pathologist (provided that the 
surgeon undertakmg the exploratory operation has a full appreciation of the 
macroscopic appearances presented by osteogenic sarcomata and is competent 
to p^o\^de the pathologist with characteristic tumour tissue for investigation} 
The responsibilities of all concerned are so great that every' member of the 
team should fulh appreciate his limitations It i-s equally culpable to remove 
, 1 . limb, m part or in whole m the case of an innocent tumour, as to fail to do so 
in the case of a malignant tumour where such a procedure might have res 
in the saving or even the prolongation, of a life 

Ketummg however to the responsibilities of the radiologtet, we 
enquire VI hat radiographic appearances should arouse m his mind the 

of osteogenic sarcoma (due regard having been paid to the history ot t 

and to the results of clmical examination) They are as follows (but a a 
not necessarily present at one and the same time) 
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1 Bone Destruction — ^Tlie first 
pipn ma3 bo i localised oste<>poros»«« 
but swn itTopilar areas of transln 
ceju.3 ample or multiple mar 
seen m the ineilulla or cortex or m 
l)otb (bip /12) l}e«e m’w lie con 
fluent and the^ maa l»o locali''etl or 
extensive ^Vhercser the tiinionr 
Ins originated sooner or hter Iwtii 
cortex and medulla are imolred 
I he line of least resistance is met 
uith m tlie mcdiilh so that extensive 
incduIIarN dc»tnution maj lie the 
] rcdominant feature \Micit! Ibe 
cortex w inxolved the tumour max 
extend lioxond it ragged remnants 
(f the original cortex remnimng in edit (m contradistinction to humgs 
tumour xslierc the cortieil renmants nn\ In* pushed out) Tlie outlines of 
tlie areas of destniction are blurred from mvnsion Extension of dcstnic 
tion through cartilage »s rare l»ecau«o of its rcHtixc axasrubnlj so tliat 
the destnietive are i mrclx extends tiexond the epif hjscal cartilage (iig 313) 
lieforo fusion of ciuph>sis uith dixphjsis (except b\ extension from without) 

I r licxond articular cartilage m older patients uhere such fusion has taken 
) hce In earl> cases the onU sign xisiWe on the radiogram max lie a slight 
cs rtic il crostotx of the Iwne and when such an apjienmnee is neeompanicd 




tic I ratJ olopwal ffBftuit- of l mcrus 
in o«t<y>g»s» f MircoRiA. 


513 — O l«>op»si c rtretum^ of i«-h msb<mm^ I fl offp |>1 j> » jJ 
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by a pamful tumour the possibility of an early osteogenic sucoina must be 
seriously considered Confirmation may be sought either b\ a limited mimbei 
of repeat radiograms or by biopsy 

2 Subperiosteal New Bone Formation 

(a) Longitudinal La\£KS — ^In shoeing their reaction to the invasion 
of the tumour cells the subiieriosteal osteoblasts may form layers of new bone 
beneath the raised penosteura (Figs 
514 518) 

This formation of a thm layer or 
lavera of new bone parallel to the shaft 
under the raised but intact periosteum 
may be one of the earliest radiograph c 
signs of an osteogenic sarcoma From 
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the \r\j |>omt of wcv> it is however difiicult to difTtrcntiale thus from a 
simple traumatic or sj'phiUtic ])cnostitts Tlie Rul>«c(jiient progress of the 
case the absence of similar Icfiions elsewhere and tlic \ias.eTinann reaction 


should liowetcr help in the 
differentiation 

(6) StrsRA\ SricLLKS 
— ^As the pcriostenm is being 
raided new Iwnc maj be laid 
down beneath it in columns 
at right angles to the surf ice 
of the Iwne presenting clmr 
aetenstJC i>cri«'mljcular j>.ih 
ando or radiating spicules 
in the radiogram (1 igs 
jI 4-IC) Though often rc 
garded ns clmractemtic it 
must bo remembered that 
such spicules occur in onI> 
about 18 per cent of osteo 
gcnic sarcomata (ftofafni/) 
and that similar spicules 
niaj bo found m certain 
eiROsofelironicosteonijehtis 
and m syphilitic periostitis 
After tilt growth has 
j enctmted the ]>erio«i(cum 
strands of new Ininc inaj Iks 
formctl but tl et now lo«e 
their columnar nmngoincnt 
and grow in all direct ions 
(c) Rfactim Tiivsou 
OH SujirFRio'-TrAL Ccff — 
At the pcriphen of the 
tumour tlie subpenostcal 
oslooblastB are still fighting 



(s> «>) 

Fio 6Jf • — (a) Sarroma \ raj appcArsncrs 

re«»Tnl 1 ng ObtromjTl t No pat fom J at oprroi on 
(6)‘ncmfnevti«ci two monlLt t ter Nowobtnoua Iu»p 
tiMia of otlropm c eorco na conf rmM at opera! on 


a losing battle hut thc\ still show their reaction b\ forming a barntr of new 


bone In the radiograms this w often deraonstral Ic bt a cuff of new bone 


(Fig 018) shmm as a tmnglc of swbjieriosteal neii Ironc merging into the 
surface of tl e bone nljoa-e ani lielow the tumour and with an illslefined edge 
Bclwetn these limits the subpcnostcnl new bone lias been dcstruacd by the 
adsanemg tumour so that m thu. mtermediatc part no cvulenee of it is 
Msiblo m the radiogram 

3 Mtxed Ssture at X raj Changes— -No osteogenic wircomais either whoIK 
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osteolytic or \\hollj osteoblastic In all cases there is evidence both of bone 
destruction and of neu bone formation According to the type of tumour 
horv ever one or other of tliese processes may predominate 

4 Soft tissue Tumour — Sooner or later the invading cells perforate the 



Fig 517 — Siraple per ost tia w tb palsade 
spicules 


periosteum and the tumour extends 
into the soft tissues Such a soft 
tissue tumour noU usi ally be demon 
strable m the radiogram and 
should aln ays be looked for Chni 
call^ such a tumour mil be lacking 
in free mobility it mil show no 
signs of mflammation there mil 
as a rule be httle or no impairment 
of movement m the adjacent jo nt 
It will be of greater size than the 
underlyuig X ray changes warrant 
and it mil show no signs of pedun 
dilation 

SPECIAL FEATURES OF CERTAIN 
OSTEOGENIC SARCOMATA 
1 Sclerosing Osteogemc^^Sai 
coma — In this tumour the osteo 
blastic or Bclerosmg element pre 
dommafes Tins sclerosing process 
maj be seen either m the medullarj 
or m the subperiosteal regions or 
in both masses of dense ossified 
tissue bemg formed and tie wlole 
tumour showing a very dense struc 
ture m the radiogiain (Fig ol9) 
It may spread up the marrow caviti 
with the consequent involven ent of 
a considerable area of the shaft in a 
club Id e mass It may also extend 


into the epipl ysis 

In these cases the reactive tn 

angle IS absent and one of the earl est 

signs may be a condensation of the medullary region of the bone wnthout am 
apparent cortical or subperiosteal involvement In some cases the subjwno 
steal change maj merely be shown as a roughenmg of the surface of the be 
(resemblmg osteomj elitis) , 

2 Telangiectatic Osteogenic Sarcoma — ^All sarcomata are vascular an 
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lirtKiuction of a Mj-tallcd malignant bon<* nneurjim ’ is merclj a matter of 
degree In extreme casia siw or cjrta are formed, fiUcil aMth Mood, or then, 
maj 1 k! n ^nc-^ of comnmnieating blood lined b\ tumour ti^^ut In 

'‘ucii ca«ia cxjnmile pnKation wiU be dcmountniMe (V ig "»20) 

11« r occur mo^t conunonU uithiWitn, tbet are <haraeteriM?d In rapid 
lK>n\ destnitlion and arc \cr% UaWo to jvathologinil fractures tlic jicnostcmu 
|)erf<>mte<l at nn c»rh atnge , the\ grou ripidh, metast isj*^ carlj and art 
uMiallv fatal within a few months 

Because of the extreme di,.nH of Iionj dcstrurtiuu and of tlx fonunhiui 
of Moo<l hinuscs, the main mdtngmphu ftitures are i>.scntiall\ tfmse of 
iinrherl ostcoUtic changts \tw Ixme formation nn^ M \rn dight or 
1 \cn alirent 

1 Periosteal or Extrapcrioitcal Osteogenic Sarcoma — Iiik t\ pc of f‘arct>miv 
originates from flit outer lasers of the jierKNteum and trnilo[is rdhor 


tinn in\oUi*s ilie bone In 
sudi rays the Ixme «ylf ma\, 
tlicrefon show no npjircciaiile 
ihnnge or U mn> 1k nierelv 
sujH rficiall\ ero<le<l (fmm lUTssure 



>jr 518 — Korh cnifpoinft 

iriih JocftJoilroporo- j«nn J wpH mnrl^ctl 
rctfct \o tn«ngl9 



'lo 5tJ~Srl r* * cHtwppnp wircomi of 
I un) m* 
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nther than nom m^Tision) OccasiomUi uregular calcified estrapenosteal 
ctninds mav lie seen m the tnmonr, wthont any sunr%\ arrangement 


Ihej are commonest in the femur 
and mav occur in the midsliaft 

Tlie=e tumours aie rcrv mahg 
nant and <’how eirl^ metastasis m 
the hmgs or sometimes in the hram 
Hie lung metasta^', inaj m some 
ca=es be demonstrable before the 
primarj tumour has been diagnosed 
(Fjg 521) 

rt Fibrosarcoma (Medullary and 
Periosteal) — ^Tiie*^ are slow grow mg 
tumours ivliicli arise in the marrow 
caanty or on tlie surface of the 
periosteum Thet arc rehtirely 
bemgn an<I mav not recur after 
evcj'jion 

Thi m&luUary type originates m 
the metaphyseal region , it causes 
evpanaion and destruction of the 
diaphysis but does not miolre the 
epiphysis it maj perforate the 
7 >enosteum and evtend into the 
soft, tissues the cortev being eroded 
1 Iter from pressure Radiologically 
It presents an apiiearance like that 
of a solid opaque giant cell tuioour 
with no septa 

The easentnl diffeieiice between 
ti e«e tumours and malignant osteo 
genic tumours js that thea show a 
sharply defineil Imut as oppo‘-ed to 
the ragged blurred liiuils of the 
litter. 

In tli^ pmo-^leal typt there is 
\ raj endenee of solid and opaque 
masses on the. surfiee of the hone 





(periosteal) causing no hone change Fxc 3“^ ~&>tco pn. of lower end of femur 
m the shaft, and tlisplacmg rather wipenmpo ed on Paget s tliseas© 

than mvadmg the soft tissues , 

These tumours are relatively bemgn hence the imjiortance of difFerentiatmg 
them radiologicallr from the mahguant osteogenic sarcoma 
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o Capsular and Parosteal Sarcoma — riie*c tumours may be derived fiou 
(o) the synovial membiane (6) the joint capsule or (c) the bone near a joint 
The first two ty^es which are rare may sliovv no bone change or at th 
most a slight general rarefaction The third type may show X raj appearance: 
which are ndiologicallv indistinguishable from those of tuberculosis 

SARCOMA SUPERIMPOSED ON PRE EXISTING DISEASE 
Chondroma Osteochondroma — Anj tumour compo'ied in part or m whole 
of cartilage may tuvdeigo sarcomatous changes Where v sudden iv) 1 


Fra 5‘’J — Mult pie o tcog n c sarco ata f skull hujicr nposecl on Fag t a d oa e (confirmsd 
autopay) ^ Co naia -o also found, tie pel sanFhumeus 

giowth in such a tumour occurs, the possibility of supervening inal 
must be seriously considered In the radiogram one or more of t e 
changes already described under osteogenic saicoma vmH be slio^ 
Paget s Disease (Osteitis Deformans) — The bone changes charactens i^^ 
tins disease Jvave been described elsewliere in tins bool 
tumours either osteomata or osteogerac sarcomata maj occur Inei 
of the latter is in about 7 per cent of all cases of Paget s disease 



Fil. o i (o) O tf^spruc sartoina of pube ratom heTpre \ ray trestmpnt p) lie samp 
after prolo g«l \ rra/l at on Vt jtJ out t) e prcnouv I tofj f fce JwJ ograpb e nppcanmoiH jn 
irouj J « tnuJato tho-^ of a giaat-eeJl t unour 
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case pf Paget s disease there arises marked localised pun or evidence of nerve 
pressure other than that normallv occurring due to bony thickening at the 
cranial or other foramina radiographic evidence of osteogenic tumour forma 
tions should be sought The X raj appearances of such re<semble those already 
described under medullary or subperiosteal osteogenic snrcoma (Figs S'” o''3) 
They are hou ever less characteristic Sunray spicules are as a rule absent 
the X ray appearances bemg those of irregular destruction \nth usually some 
reran nts of tl e old bone withm the tumour Occasionally some neu bone 
formation can bo made out 

MASKING OF X RAY APPEARANCES OF OSTEOGENIC SARCOMA BY 
PREVIOUS IRRADIATION 

IVhen treated by X rays especially if such treatment has been intensive or 
prolonged calcification and ossification take iilace m and about the tumoir 
In sue! cases the typical radiographic appearances of the tumour are altered 
If a case has been treated m this manner unless the history of such irradiation is 
volunteered or obtamed and due allow ance made for it an error of diagnos « 
IS possible (Fig o24) 

EWINGS TUMOUR DIFFUSE ENDOTHELIOMA OF BONE 

ENDOTHELIAL MYELOMA) 

Age Incidence — ^Tlus is essentially a tumour of childhood and adolescence 
The majority of cases occur before the age of 30 \ears relatively few being 
seen after this age though this may occur “Males are more prone to it than 
females {Kolodny) 

Sites— The distribution of this tumour differs somewhat from that of 
osteogenic sarcoma m that it more commonly affects the small bones (such a 
the os calcis) and the fl«.t bones (such as the innommate bone) The commoi e«t 
sites are the midshafts of the femur the tibia and the humerus it may occur 
m other bones 

Though it sometimes originates m the end of the long bones it rap ' 
extends along them so as to soon involve a large part of the shaft In t e 
early stages the ejiiphysis is not affected 

Clinical Course — In osteogenic sarcoma the patient pnor to the deve oj 
ment •'f the tumour is usually in good health in Ewmgs tumour on c 

contiaiy patients are often of a del cate constitution and many of them pve 

historv of nutritional disorders in childhood or of a recent attack o oca 
sepsis The imaffected bones may show evidence of osteitis fibrosa ( 

A history of preceding trauma is oftrai obtainable 

The onset is slow the patient complammg of pam m one bone gjjarp 
be merely a dull ache associated with cramps or it may be o a 
shootmg character At first mtermittent it becomes constant an 
The pam IS frequently associated with intermittent attacks of fever 
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Sooner or later a txiraonr de\elop'3,but this does not necessarily show a pro 
gressire increase in size , it may temporarily subside or it niav grow rajiidlj^ 
In Its early stages the condition may be confused clmlcall}" with osteomjelitis, 
being often accompanied by fever and Ieiicoc 3 rtosis Later, however, the 
tumour formation, with occasionally a spontaneous fractiue, pomts to the more 
serious nature of the lesion Spontaneous fracture may, in some ca'?es, occur 
comparatively ear]} m the disease 

At fimt the bony tumour is a smgle lesion , later, IioweVer, tumours in 
other bones such as the skull, pelvis, vertebra, ribs, or long bones, are formed 
by metastasis Jletastases may also appear m the lungs, though usually at a 
relatively later period tlian in osteogenic sarcoma 

The disease is almost mvanably fatal, death oecturmg within a few months 
to a few years, m spite of recession of the primary tumour as a result of radio 
therapeutic or surgical treatment , the prognosis is not that of the primary 
tumour, hut that of the metastases 

Pathology. — As a result of microscopic examination Exotng regards this 
tumour aa origmatmg m tlic i>envascular endothehum of the bono or bone 
marrow The cells arc not definitely spindle shaped, but occur in sheets of 
small, deeply staining polyhedral cells with no intercellular material, and they 
may form capillary blood vessels or blood spices containing tinaUered blood 
As the cells multiply the Haversian canals are expanded The shaft shows a 
widenmg with bone absorption the soft tissues exentinlly being inaTided 

Metastases occur in the skull the ribs pelvis, and other bones Eventually 
the whole marrow system may be involved (tlio distribution then resembling 
that of myelomatosis) , hence arises the necessity for mdiographmg the 
whole skeleton, especially the skull On the other hand, the lesion may 
jiersist as a solitary tumoiu, with recoxery under adequate radiotherapeutic 
or surgical treatment 

Lung metastases are comparatively late in their appearance Tlie lymphatic 
glands may be enlarged as a result of dissemination xaa the lymphatics 

A stnlong feature of Ewmg’s tumour is its radio sensitivity As small a 
dos,e as l.OOOr may suffice to brmg about complete recession Unfortunately 
/fonerer, metastsew «i other bones may hare taken jtiace before the 
treatment of the primary tumour has been initiated It is disappomting to 
produce apparent cure m the primary tumour, only to find evidence of metas- 
taees elsewhere The metastases are equally responsive to X ray treatment, 
but once widespread metastases have occurred, the task of following them up 
witli X ray treatment is hopeless However, on the off cliance that the tumour 
found may be a solitary’’ one, and tliat metastases may not occur, it is worth 
while treatmg it radiotherapeutically 

Such treatment is sometimes epiploycd as a diagnostic test, m differen 
tiatmg Ewmg’s tumour from osteogemcsarcoma (winch is more radio resistant) 
Sltxmrl Hamsan states that “a tumour that does not disappear hy X ray 
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I treatment is not a Ewing s sarcoma He prefers test irradiation to micro 
scopic examination as a diagnostic test 

Radiological Appearances —The X rav apj earances of thus tumour are hy 
1 o m-^ans characteristic As a rule the lustor\ and clinical features of the care 



Frc o o — Ewing s tumour of t In* 
firmed by b opsv 

the desti-uctive cl anges as often i 


demand the closest attention m 
conjunction with the \ray appear 
ances presented before a diagnosis of 
E nng 6 tumour may be put forward 
The bone changes are seen as a 
rule to m^ olve extensirely the m 1 
“liaft rather than the metaphj sls (Fig 
o‘’o) In the early stages they cloreli 
resemble those of osteomyelitis Thev 
consist of an endosteal and subpeno 
steal fusiform thickenmg of the bone 
gradually fading at each end The 
subpeno teal new bone may be m the 
form of onion peel laters whicl 
are regarded by some as character 
Lstie Such appearances may how 
e\er bo rm*leadmg as precielv 
sun Jar appearances mav be found m 
ssihilitic penoslitia Occasionally 
\ ahsadc or radiating sp cules mav be 
seen tn this tumour but again euailar 
appearances may be seen in o tec 
gene sarcoma m syphilitic jieno 
stit s and more rareh m lytn/hade 
nomatous mrolvement of bone 

These subperiosteal and endosteal 
changes are accompanied or more 
often followed bv irregular de^ruc 
tive changes m the cortex 
medulla resembling tho're of o teo- 
myehtis ^erendeen summarises thc-c 
changes as (I ) a reduction m opac t' 
Haloes of structure (3) an mcrca'C 
m breadth of the spongio^a (4) a 
thmnmg of the cortex Hede-crbc 
I ng an erasure of the bonv shadows < ’ 


tf]“ radiogran by means of an indiarubber 

Asa result of the destructive bony changes pat! ological fracture may occur 
No infreq ntly as i result of the X ray findings and of tJ e luston an 
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clinical featiires of the ci'sc tlio surgeon cuts doun on to the bone regarding 
the case as one of o«teomaehtw and exjxsctmg to find jms here such is not 
found the possibility of Easmgs sarcoma should bo immediately consulered 
and further investigation ‘ihoiiH be made either by a test imdmtion or bj a 
microscopic examination of a suitable portion of tissue 

The X raj diagnosis of Euings tumour is often -one of cxtreino ibfficidtj 
manj cases are diagnosed as Kviings tumour iv Inch are not this lesion and 
man}, cases of Euing s tumour arc probabli missed through an inadequate cor 
relation of the \ MV findmgs u ith the historv and chntc il fcaliites of the case 

OTHER VARIETIES OF ENDOTHELIOMA OF BONE 
Solitary Bulky Cj’stlc or Telangiectatic Angio endothcHoma — ^This is a 
rare destructive single tumour which affects the end or t!ic shaft of a long 
bone of adults 

It grows stcadil} perforates (he cortex and un ides the <oft tHsiies 
It recurs and produces pnlmonarj nicta^tascs 

It maj give n otocxiiansile pul ition a bniit Ixnng heard 1} luscultation 
Radiologicall} and clinically it resemble telangiectatic o&teogcnic enreomx 
it shows no reactive trnnglo It grows more raj ally than tlie nneurysmal type 
of gnnt coll tumour 

Multiple Endothelioma of Bone — \ ens of tins t}je was described 
bj J/trreitmfd 

Small lumours of the bone marrow were found affecting more ] articuInrlN 
tlevertebn? sternum skull ami pelvis 

Radiologicaflj it cannot 6e dilTcrentiiteif from inv olomaf osis tie differ 
ential diagnosis being esfecntiallv a histological one 

SCHULLER S DISEASE (A RETICULO ENDDTHELIOSISJ 
Jforison gires a comilele account of thus disease which is associated with 
the production of multiple tumours in the bones capoci ilK the Si uU pelvis 
and more rarclj the long bones Tiic'^c tumoure are of the nature of a hj'pcr 
pHsra of tie rcticulo cntlotheJial cells Cares of fhft> diseisc have been 
reeorde I under a vanetj of titles incliKlmg the Hand Schuller Christian 
syndrome \anthoraatosis I ij oid GranutomntoBis and other v ariations The 
generic term \anthonialosis was corned by Jiaiiliyiil to include all cares in 
which a disturbance of lipoid inetaliolism occurs, such us tlie Hand Schuller 
Christian syndrome Gaucher s direase Ivicmann Ticks disc ise and the various 
forms of Xanthoma Aanthomjeloma and iantliolasma 

Clinical Features — Accordmg to the localisation of the Iqwid deposits 
exophthalmos (retro ocular deposits) or diabetes insipidus (pituitary location) 
may be present Other signs dependmg on the nature of the hpoid 
deposited m the cells that may be shown are fat abov e the clav idcs and altout 
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the genitalia (dystroplna adiposis genitalia) spongj gums (when the deposit is 
Iieridental) enlargement of the sideen liver and lymphatic glands discJiargmg 
ears brown patches on the skin at post mortem yellow spots on the pleura 
} eritoneum dura and periosteum may be found 

Radiological Appearances — Kadiologically the characteristic finding is 
the presence of multiple sharply defined map like erosions m the cranial 
vault with possibly areas of destruction m the pelvis femora and other bones 
sometimes accompanied by pathologieal fractures T1 esc destructive areas are 
associated uith soft tumours Tlic cramal sutures may shou gapmg from 
increased intracranial pressure 

All the tumours respond to treatment by Xrajs Tins confbtion is 
considered in detail on pages .>37 540 of this volume 

MYELOMA (MULTIPLE MYELOMATOSIS) 

Age Incidence — This is a disease of adult life usually found after the age 
ot 50 years and affecting males more frequently tlian females 

Sites — The distribution is usually widespread An\ bone may be affected 
especially the ribs jielvis spine lemur sternum scapula humerus skull 
and clavicle 

Clinical Features — ^Tiie earliest symptom is usually pam this may be 
slight and indefinite but is often very severe Occasionally pathological frac 
tuT© 18 the first sign of the disease Deformities from bone expansion or 
from destruction and soft tissue invasion may be found 

Pathology — These tuinoure arc usually multiple each tumour being essen 
tially a primary one They are tlierefore due to a systemic disease rather 
than true tumours 

They are derived from the s|)ecific bone marrow tells viz granular 
myelocytes lymphocytes and nucleated red blood cells The commonest 
form of myeloma according to Ewing n composed of plasma cells whose ongm 
IS doubtful — possibly from lymphocytes or fiom endothelial cells According 
to tie tyqie of cell from which they are derived myelomata are therefore 
divided into foul liistologieal groups viz ( 1 ) plasma cell tumours ( 2 )lympbo 
cydomata ( 1) niyelocytomala (4) ervtliroblastomata 

They base certain common features which differentiate tlem from osteo 
genic sarcomata They are usually multiple but may occur as solitary tumours 
J lies are entirely osteolytic and never give rise to neu bone formation 
do not tei d to produce lung metastases Neighbouring lymphatic glands may 

be enlarged They are found in the raid portion rather than the en 
bones and Irequently occur in the nbs vertebra and skull— unusual sites or 
osttogenic sarcoma By raj id destruction of the bone they mvade t e w 
tissues and are often the site of pathological fractures Bence Jones ^ 
are found in tl e urme m about 60 per cent of the cases The patient 
anaimic and cachectic Unless existing as a solitary tumour wlucli is raiv 
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prognosis IS b^cl death occurring m anj thing up to t^^ o to three ^ enrs These 
timonrs are radio sensitire 

Radiological Appearances — ^The first X raj evidence of the disease mar be 
a mottling of the affected hones Later this gives place to multiple jnuiched 
out areas of destruction of varj mg sizes discrete or confluent and with clearlr 
defined borders (Fig 526) Pathological fractures especiallj of tlie nbs are 
not infrequent and deformities from bony destruction are common 

There is a complete absence of new bone production , this is a distinctive 
radiographic feature of the disease In the spme there raa\ be destruction of 
the vertebral bodies together vvnth destruction of the discs (the latter feature 
serving to differentiate it from metastatic carcmoma m which the discs are 
intact) Collapse of the verfehral bodies occurs at an earlier stage than is seen 
m metastatic carcinoma with the production of kv photic deformities In the 
shull punched out areas of destruction are seen which luaj be difficult 
to differentiate from those found m metastitic carcmoma The pelns 
mav show diffuse areas of destruction giving the bone a bloated or 
puffv appearance 


RARER TUMOURS OF BONE 

Chloroma 

Age Incidence — ^This is a dtsease of earlv life onl\ l>emg found occasion 
rIIv in adults 

Sites — Tlic usual site ls the skull but occ sionally tl e spine nh» 
sternum pehns and long bone« ire affected 

Clinical Features — Clmicallv the di'«a*e resembles an acute and rapid 
type of leul scmia either mjelogenous or Ivmphatic When the skull i 
mvolved the sjmptoms are referable to the eve ears nose or tliroat 

It IS uivanablj fatal 

Pathology — As its name implies tlus is a greenish coloured tumour It i^ 
allied to the leuk'emias and may be found either as a mjelogenous or as a 
IjTnphatic tj pe 

Radiological Appearances — GesehtclUr md Copeland describe a ca^e 
of a male aged 17 jears whose skull and humerus were involved Theradio^^* 
of the humerus shows destnictive change^ with a pat! ological fracture '- 
peno^teal new bone formation with a slight palisade appearance but no 
reactive triangle is shown Beyond the tumour punched-out areas are 
seen jn the cortex The skull is recorded as showing bony destruction 

L> mphoma 

In a small percentage of cases of Hodgkm s disease (Ivmphaderoma) bom 
involvement may occur and maj give radiograpluc evidence 

Age Incidence — ^The condition occurs usuallj in adult hfo 
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Sites — The lesion is usually found m the vertebn? , the lon^: bones, skull 
sternum, and ribg are less frequontlj mTohed 

Clinical Features — ^The clinical features arc those of Hodgkin's disease 
the bon\ in\ ol\ement, hcraHcd by pain, occiimng a fevrjean, after the disease 
Ins become manifest 

Pathologj — 'Xhere is an mvoUen*tnt of the bone marrou m the Ijmphadc 
noniatous process \\ ith fibrosis 

Radiological Appearances — Tlie bone clionges raa\ be of the nature of 
a subperiosteal bone proliferation, u-rth sometunos tlio production of palisade 
spicules Or it niaj be of the nature of a bone destruction 

In the rertebr® the changes mai take tlie form of an increased dcnsitj of 
one or more vertebm! bodies, or it mav show as a niircN dcstnictire process 


mth coUap'e 

Sometimes the prolifentive 
one bone 

M>osarcoma and Lipoma 

Tlic’se are mre t^ 7 ^cs of tumour 
in lione, which reveal them«eltesa9 
destructive areas of the nature of 
recurrence m the ncmitj of the 
site of removal of such tumours of 
the soft tissue-s PresumabU the 
bone was slightly involved at the 
time of operation Deatli maj 
take place from pulmonarv meta 
stages 

Neurogenic Sarcoma of Bone 
Tumours derived from nene 
tissue may be benign or malignant 
The malignant tj^x; resembles 
fibrosarcoma 

Age Incidence — ^Tliey occur ss 
a nile after tiie age of 30 aears 
Sites — ^They are usually found 
m the long bones, but occasionalij 
affect the vertebr®, as the malig 
nant % anetj of the " bom* glass ' 
tumour 

Pathology — Softer than the 
fibrosarcomata, these tumours may 
prc'sent either a beefy red or a 


dcstnictue changts mnj co cxi*.! m 



lio 5’« — Kourg(a«a tumour of «pii i 
shon-utp cro ton of pedicles and of po»tenot wr 
Iaeeaor\ertel ralbcxlies Intlieantero posterior 
View an oval pam^crtebral soft ti«8uo shndovt 
could be ma Ic otit 
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grey gehtmous appeawnce TLey mav involTO not only the deep seated 
ntr\e trunk but also the bone and the neiglibourmg joint 

Radiological Appearances — ^The bone maj be eroded from without or 
It mij show destructive areas sometimes extensive and accompanied bi 
pathological fracture The periosteum may be raised and subperiosteal nci 
bone may be shown A soft tissue swellmg is usually shown and sometimes 
the adjacent jomt is invaded In spmal hour glass tumours tlie character 
istic feature is erosion or even disappearance of the pedicle with possibly au 
erosion of the posterior surface of the vertebral body (Fig 527) and the 
demonstration of an oval or rounded soft tissue tumour in the parai ertebral 
region this is of course most readily shown in the thoracic legion when 
its shadow is well shown against the background of translucent lung ti-^sue 
it can how ev er be demonstrated in the cervical and lumbar regions 

SUMMARY OF BONE CHANCES WHICH MAY BE SEEN IN RADIO 
GRAMS OF A BONE TUMOUR 

Changes of Structure 

(a) No change (extraperiosteftl sarcoma) 

(b) Increased density 

(i) Due to thickening 

(ii) Due to mcreased calcium content 
Ischaimic (paravertebral or spinal tumour) 

Sclerosmg metastatic caremoma 
Vertebral lymphoma 

(ill) Due to both thickening and mcreased calcium content 

(Sclerosing osteogenic sarcoma sarcoma after X irradiation) 

(c) Increased translucency 

{i) Hyjierjemic osteojiorosis (parosseous sarcoma) 

(n) Destruction and replacement by translucent tissue 
(a) Homoob5.eo\,s 

(i) With or mlhout irabecvlahon 
Bone cysts 
Fibrohis of bone 
Osteoclastoma 
Chondroma 
Diaphyseal aclasis 
Hemangioma 
(u) Without trabeculation 
Osteolytic sarcoma 
Ewing s tumour 
Metastatic caremoma 
Inflammatory lesions (Brodie s abscess) 
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(6) Patchy 

Dis\i«« atropfky 
Ostcomjeljtis 
Sarcoma 
Evi'ing’a ttimour 
Metastatic carcmoraa 
Mjelomatosis (eatly) 

Changes in Contour 

(a) Hyperplastic 

Oateoma 

1 Simple 

2 Traumatic (myositis ossiHciiis traumatica) 

(b) Exostohc 

Osteochondroma 

1 Single exostosis 

2 Multiple exostoses (diaphiscftl aclasis) 

(c) Expansion of cortex 

Bone cyst 

Pihrosis of bone (osteitis fibrosa cystica) 

Osteoclastoma 

(d) Perforation of Cortex. 

Osteoclastoma 

Bone cyst with fracture. 

Chondroma 
Metastatic carcinoma 
.^'ircoraa 
Ewmg s tumour 
Inflammatory lesions 

(e) Subperiosteal bone proliferation 

Simple and traumatic periostitis 
SyTihilitic periostitis 
>r.twin\5’ .jsifcfxtvny A\v^vf 

Subperiosteal calcification niul ossification (iinositis ossifit-ins 
traumatica, scurvy ) 

Sarcoma 
Ewmg’s tumour 
Lymphoma 
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CYSTS OF BONE 

\'L THE outbet one is faced by two great difficulties In the first place the 
radiologist must appreciate that many conditions may give the raiological 
appearances of cysts which ate not <^st8 , and m the second place the 
pathological literature on the subject of bone cysts and fibrocystic disease is 
to say the least of it somewhat confused 

^ELATION BETWEEN THE SIMPLE CYST AND THE OSTEOCLASTOMA 

Tlic Isupjiosed relationship between a simple bone cyst and an 
osteoclastoma (of benign giant cell tumour) arises from the histological 
discovery m it of giant cells or osteoclasts These osteodasts are however 
relatively smaller and their nuclei fewer than in the giant cell of the 
osteoclastoma The age incidence the after history and the difference 
m site of origin are arguments against the common nature of cysts and 
osteoclastomata Many authors however mamtam that the simple bone 
cyst may be regarded as a quiescent healing or healed stage of an 
osteoclastoma Cysts whose walls contain man> giant cells ar« regarded 
by them as an intermediate stage and have been designated ‘ osteoclasto 
matous cysts Osteoclasts however arc not significant aitiologicillj and 
too much importance should not be attached to their presence Tliey jnerelv 
indicate a type of bone ab-^orption ‘ Osteoclastomatous cysts ’ may be 
regarded merely as simple cysts m » stage of active resorption of bone IVhile 
admitting that cysts may be found in benign giant cell tumours Elmslie state-* 
that there is not at present sufficient evidence to decide definitely how cist« 
are actually formed There seems to bo evidence however that they mai 
be formed either as the result of the action of osteoclasts or by degeneration am 
licjuefaction m the fibrous tissue ’ 

RELATION OF THE SIMPLE CYST TO FIBROCYSTIC DISEASE 

The fibrous connective tissue wall of the cyst and its fluid or solid mass of 
fibrous tissue (mto which hemorrhage may have taken place) corresponding®^ 
it does to the structure of the more widespread lesions of fibrocystic disease 
led many to regard the simple bone cyst as merely a local manifestation 
fibrocystic disease , 

Others regard local fibrocystic disease as being one of “ fibrosis o 

in which cyst formation takes place only to a very slight extent from sm 
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nreas of degeneration One must of courbc appreciate that the relation 
lietueon gencmli'secl osteitis fibrosa and hvpcrimathyroidism suggested ba 
Man/llm 1*)26 and foncliisncl^ proaedbj Donald Dnnlerm 1931 Lasthromi 
the whole question of fibroc\stit disease into tl c melting pot Authors jinor 
to that time in describing their cnaes haac probably confused the gcnerah‘-ed 
\ariLty of this disease (h> perparathjroidi«m) and osteitis deformans (Paget s 
disease) the local radiogram of these conditiona mav present similar features 
but ue now know tliat tliey can lie clearlj distinguished jiathologically 
thmcallj and biochcmicalU 

Tlie radiographic rchtioiisliip of the simple evst and fibrocystic disease i 
discussed nmler t)ie heading of 1 ibrosis of Bone 

CLASSIFICATION OF BONE CYSTS ^ 

In attempting a radiological chaification of bone cysts it is necessary thijtp 
due regard should lie paid to tfieir pathology and chnical features In 
onnection the classifications hr Bloodyood and by Ktta^s arc <if ‘inferofet 
Bloodgood in classifying Ijone cysts groups them ns follows 

Bloodgood s Classification 
\ True Cysts 

1 Single ctsts without niu couneetiae tissue lining 

2 Cysts with a connective tissue lining winch tan be pceleil off from the 

bony shell 

J Small cyst or casts m a soIk! mass of fibrous tissue 
4 No cyst but a solid mass of fibrous tissue 
Alultilocular ct-sts (fluid or fibrous tissue) 

1} CyslJ in ll e me lullary cat tly due to other causes 

1 Casts in tlic cartilaginous tumour and enciiondroma 
’ Pure nnxoma with or without cysts 
t Cvsts in lienign giant ccU tumour 
4 Cy Sts m arthritis deforninns 'iml osteitis deformans 

> C tsts due to subpeiioateal liiematoma 
0 ’ Caffus cysts 

Lateford Knagys m clavsifmig the clinical types of osteitis fibrosa di\ide-» 
tl om into four groups 

1 \ lesion reprcpcnted bi n lunform mass of fibrous tittsuc 

> V sob I mass t f fibrous tissue degenerating into one or more cysts 

3 C isc>> in winch lioni. is des olopcil nnd the disease shows signs of coming to 
nil end 

4 Single cysts of l>one 

l>omaeorTeUtioiufthc pathological elimeal and radiologic ilfoaturts the 
follow mg Hint forward by tl cnuthornsareasonnlle radiological classification 
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Radiological Classification of Bone Cysts (Roberts ) 

1 Simple cysta 

(а) Solitaiy bone cyst 

(б) Blultiple cysts 

(c) Multilocnlar cysts 

" Fibrosis or fibrous replacement of bone 

3 Cjsts m generalised diseases (such as hiTTerparathyroidism osteitu 

deformans osteomalacia Xanthomatoais Gaucher s disease ostco 

genesis imperfecta etc ) 

4 3l3^ochondromatous cysts 

5 Traumatic cjsta (e g m the carpal scaphoid) 

6 Infective cjsts (e g dental) 

" Developmental cysts (e g dentigerous) 

8 Arthritic cjsts 

9 Hydatid cysts 

10 Fibromatous cysts ( chronic fibrous osteomjelitis ) 

1 Simple Cysts 

Radiologicalh the sobtary bone cjst is as a rule an accidental di5CO%ei) 
made durmg the course of an X ray examination folloumg trauma which 
though slight mav ha\e resulted m a pathological fracture The area usuallr 
affected is the upper end of the humerus femur or tibia the age of the 
patient is usuallj under 21 jears The epiphjsisof such a patient has not jet 
united to the diaphj SIS and the cjst isfoxind in tlie diaphysis usualJj near the 
epiphyseal Ime it may houever be more centrallj placed in the diaphjsis 
this altered position being due to the cjst having emsted for some rears and 
the bone Iiaving grown in length m the meantime 

In the radiogram the cjst is characten'ed bj an area of translucency 
in the bone surrounded by a smooth thinned cortex which usually shows 
expansion there maj be some trabeculation in the translucent area 

Pathological fractures are frequently found The subsequent Ixbanoar 
of the bone tV us fractured is sometimes characteristic for the fracture in ©anj 
cases unites and the bone m this part becomes stronger after the fracture 
than it was before Tlie healing process is accelerated if a local store o 
calcium be mtroduced either m the form of a paste or of a bone graft a er 
preliminary scraping 

S mple cysts maj be multiple orthejmaj become multdocular from ©on 
of adjacent multiple cjsts or from division of a single cyst bj septa 

2 Fibrosis of Bone 

Group 1 of Knaggi classification would correspond to the l^esio" ^ 
Elrmbe later des gnates fibrosis of bone Is the difference betw«n 
and the solitary cjst mereU one of degree * The fibrous tissue m 
extensive lesion is sharply diffei^ntiated from bone and radio gioa 
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presents all the "ppearonces of a large cjst Tvith a c-entral translucent area, a 
thinned, overljing, cortical expansion — general rather than fusiform — and 
bending or fracture The bending la, however, not nece'ysarilj tbe result of 
fncture , for obvious niecimnieal reasons the ‘solitary bone 05 ^, vitli its ad 
jscent areas of strong healthy bone will be more likely to break than bend, the 
converse holding when the greater part of the bone becomes transfonned into 
fibrous tisaiie Cjsts houever, m’i\ nnse m the fibrous tissue from Jique 
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fnctivc degeneration The difficulty facmg the radiologist is that a fibrous mass 
in the bone and a cj«t, either in the fibrous ma-ss or in the bone itself are of an 
eiiual degree of radiotranslucency It seems at tbe pre>^nt time desirable to 
retim the term ‘ cjst ” for the more localised condition m irhioh local fusiform 
expansion and pathological fracture^ are more hkely to occur , and to designate 
the more exten-,ne translucent areas (o^’teii seen in more than one bone) m 
which general rather than local fusiform expansion has occurred, wuth or 
V ithout bending or fracture, as “ fibrosis of bone ” (Fig 523) If, mstead of 
the latter term, one u-'es the older one of ' fibrocjstic disease," one must 
clearh realise that the translucent areas arc due to fibrous replacement rather 
than to cyst formation 
3 Cysts in Generalised Diseases 

Though degenerative cjstic areas maj occur m anj or all of the conditions 
mentioned m the list aboie, it must be appreciated tliat manj of the trans 
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lucent areas ^vhlcIl in the ndiogram look like cysts arc not really cystic m 
nature For instance in osteitis deformans one of the essential features of 
tl e disease is resorption of old bone The affected area is therefoie trans 
lucent and as the bone may be broadened and may shon a thinned but 
mtact cortical layer it lool s expanded and so may simulate a evst Its sub 
sequent behaMour howeaer does not correspond to that of a cjst ittendsto 
fill up uith coarse trabeculae of new bone Whilst true cjsts inaj occur m 
osteitis deformans (probably much less frequently than is generally supposed) 
It does not by «,nj means follow thateverj translucent and apparent! j expanded 
area m the radiogram of this condition is due to a cjst Knuggs states lliat 
he has not met w ith a single instance m the many bones of Paget s disca^ 
which he has exammed in which the cystic nature of an intraosseous space 
w as beyond doubt Bloodgood suggested that all such instances as hare been 
recorded may ha\e been really cases of osteitis fibrosa 

Ihe same difficulty of interpretation of translucent areas maj occur in any 
condition m w hich resorption occurs The radiological or even the histological 
diffeienti«.tion between a local manifestation of tins process and of fibrous 
replacement or of ejat formation may be extremely difficult or impossible 
As howcaer the diagnosis of the general disease is of greater importance 
than the diagnosis of a cjst this feature need not be stressed further Tlie 
ladiographio examination of the rest of the skeleton the cluneal picture and 
the biochemical findings will as a rule give sufficient combined information 
to make the diagnosis clec.r and the cyst and its differential diagnosis rather 
fade into tlic I act ground 

4 Myxochondromatous Cy»ts 

Alyxomatous degeneration may take \Kce in a chondroma From tie 
radiographic pomt of view it may be a cry difficult to differentiate between a 
centi-’l or medullart enchoiidroma a myxocLontlronntous cyst and a simple 
evst (sec chondroma ) Fractures are more hkelj to occur in the simpk 
cyst and the myxochondromatous ej st 

As pure tumours of bone mrxomata are rare myxomata and my vochoa 
dromata show a local malignancy fending to reciu after operative renioral 


o Traumatic Cysts 

Not infrequently a radiogram of the carp\i>5 taken a few weel s after an 
injury may shoav a central ca\itx m the scaphoid m cases where radio^ur^ 
taken immediately after the injury Jiaxe shown no exadtnee of fracture f 

cavities have been loosely termed traumatic cysts It not correct^ 
regard these scaphoid cysts as occunuig without jireaious fractures un 
extra radiograms hare been talcn m the oblique plane It seems pro 
that many stick cy sts are the result of non union of a fine fracture ei en t oiif 
no fracture w s demonstrated originally 
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Malone nnder the title of “ Traamatic Cjstic Disea'st of tlie Carpal Bones,’ 
flescrilies fire cases of thii> condition He regarcL* it as analogous to Kien 
liocks disease of the semilunar and holds that it is due either to traumatic 
disturbances m nutrition followed b\ a progresisire cj'stic change or to an 
aseptic bone nccro'us The evsts mav be found m carpal bones other than 
the scaphoid 

G and 7 Infectiie and Developmental Casts m Relation to the Teeth 
are dealt wath m another section 

b Arthritic C^sts 

In radiograms of joints showing clirontc osteo arthritic changes particu 
larlj in the hip jomts there are seen on occasions small round tran&lucent areas 
"it or near the articular surfac of the bone Tlie'se may be surrounded by a 
capsule of denser bone and ma^ appear to commimicale with the jomt space , 
occasionally neighbouring iranslucent areas may be confluent Tbej are 
cau‘!ed hv resorption and fibrous replacement of the cartilage and bone and 
the; may contain giant celK 

0 Hydatid Cysts 

Intohoment of bone m liydatid disease may occur eitlier bj implantation 
of the embryo in the bone usually near the epiphyseal ond« or by mvasion of 
the bone by an eslra-osseous hadatidcyst 

In the former the embrvo grows m the line of least resistance along the bony 
tanaU By pressure on small arteries areas of necrosis are produced m 
w Inch c-'seoiis debris inov lie found Id course of time large areas of eancoUous 
lione may become un aded degenerated and necrotic Little or no periosteal 
reaction is usualh obsen cd and perforation of the periosteum takes place, the 
cast mv admg the surrounding soft tissues Pathological frreture is common 
with as a rule subsequent non union 

The bones more commonly affected are tlie humerus femur, and tibia 
ThiH both the bones affected and the site of the lesion in them (near the 
emph\«eal line) correspond to those m which the simple bane c\st ma\ occur 
In such cases the lack of bony expansion about the translucent area and the 
demonstration ni it of calcareous debns may suggest the jiresence of a hydatid 
cyst rather than of a simple bone <^st Cbmcally, where a pathological frac 
ture has occurred tlie ab ence of soere pain of crepitation of cedema of 
ecchyjiiosis and the subsequent non union are charactenstic of hvdatid disease 
The presence of an extra osseous soft tissue awelJmg is confirmatory evidence 
RediologioaUy the bxdatid cyst max simulate a simple Iwne cyst or even 
extensive fibrosis (fibrocy&tic disease) of bone The absence of any coire 
spending degree of expansion or of periosteal tluckenmg may give a clue to 
the diagnosis 
xnni — 41 
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In many cases the diagnosis is made only after puncture of the cyst 
Though more common m the long bones it should be mentioned that hydatid 
disease may affect a flat bone, such as the innominate bone or scapula Insoch 
sites the radiographic appearances may simulate fibrocystic di^se, but tbe 
presence of a soft, pamless, extra-osseous sn ellmg, possiblj causing pressure on 
neighbounng parts such as the rectum, may serre to differentiate them 
Supplementary e\ndence may be obtained from the Casani and complement 
fixation tests 

In the \ ertebral column the disease is not uncommon, and may start m anr 
part of the vertebra Sooner or later it extends beyond the bone, causing; 
various pressure effects according to the site and direction of this extension 

10 Fibromatous Cysts (Chronic Fibrous Osteomyelitis) 

This IS a small localised collection of fibrous tissue m the bone, often snr 
rounded by a capsule of sclerosed bone Histologically it resembles a bone 
cyst but Phemisler regards many of these cases as bemg the end result of 
chronic osteomyelitis, thus simulating Brodie’s abscess, of which it may repre 
sent a late, partially healed, stage 
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SECTION X 

THE SOFT TISSUES 

BY 

E DUFF GR^Y MA MD FFR DAI RE 
CHAPTER XLVIII 

CALCIFICATION AND OSSIFICATION IN THE SOFT TISSUES 

general considerations 

The radiooratiuc differentiation of the various structures which make up 
the normal soft t issues of the body is possible on1> to a limited extent because 
there is practically no difference between them as regards the absorption of 
X The onlj exception is fat which has shglitly less density than fie 

other soft tissues and if present m sufficient quantity can be shown radio 
graphically as an area of increased transluccncj 

Apart from those regions where soft tissues are demonstrable by reason of 
the presence of air containing cavities for example in the neck and thorax 
it IS on the presence of fat that wo must depend for normal soft tissue differ 
eiitiation As a rule fat exists m sufficient amounts to be demonstrable ui 
the subcutaneous tissue and between fisciae muscles and tendons 

Larger collections of fat are to be found bencatli the infrapatellar an 
Achilles tendons and they arc readily demonstrable as areas of mere?'? 
translucencj m lateral views of tlie knee and ankle 

The ordinary routine film of a limb taken primarily to show bone structure 
should be of such quality as to show the outline of the skin surface the relative 
transluceney of the subcutaneous fat and the long straight or slightly curve 
Imes of increased transluceney which mdicate fat in those uitermu^cu ar 
planes which happen to be tangential to the rays In such routine * 
soft tissues are often relatively over exposed and a strong light shou 
available cm the view ing desk for the soft parts to be scrutinised 
examination one looks for abnormal prominence of the skin surface ° 
of intermuscular planes and any evidence of local mereased or 
density If an\ thing abnormal is seen which requires further ^ 
greater contrast m the soft jiarts cm be obtamed by taking other ms " 

614 
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lower kilovoltage Se^•craI tnal exposures are usuilH necessary to get the 
maximum differentiation of the required structiu-e 

In soft tissue radiograph} the optimum hilovoltage is ratJier more critic il 
than m routme hone exjiosure Under penetration is to lie avoided 
Intensifying screens imi&t almost mvariahly he used in order to get films in 
lea'sonahle time It is adiantagcousm most cases to dovithout the upper 
screen and aerj often the loss of speed ma\ be compensated ha decreasing 
the tube film diatance In examining the films I'lnable illumination i‘- 
frequently helpful 

Low penetration films ought to show in favourable situations, the fibrous 
strands nmiiing through the subcutaneous fat which sene to anchor tlie 



( fl ) (61 

Fig o 29 — (a)\\»irt mpregnate l with melolbc o«ntfnenl Tai gT'iitial \iew (6) shnwa tlie 
eha low to be on the « irfi *0 of t) i sk n 

skm to the deeper structures and alvo several of the larger subcutaneous 
vcin*> In somewhat harder films the fascial and interniusoular jilanes 
will be made more obvnous and anv abnormal opacit\ or translucency will be 
seen w ith greater distinctness 

In examining films of the soft tLssnes special care must be taken to avoid 
error from artefacts due to such causes os acrcen and fihu flaws and processing 
stams Clothmg dressings and meibcamcnts on the patient s sLui are also 
liable to be mistaken for lesions in the soft tissues 

Tattoo marks are not common nowada}-* Some of the dves used cause 
quite appreciable opacities 

Normal skm folds In reason of the air w Inch thev enclose, may produce 
imes of mcreased trauslucencv which are sometimes puzzling, esjiecially in 
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of the hands and feet Sapenmposed structures such as the pmna an I 
ghns cast qmte dense shadows which may be misinterpreted 

Shm tumours guc}i as warts and sebaceous cysts may cause confusin" 
abnormal opacities Warts with tlieir fissured and granular surface 
csjiecially if impregnated with metal! c 



1 10 G30 Tuberculous alwcesa in 
belly of b ceps Soft t ssue film 
Absce ‘18 fchown ai a rounde 1 el adov 
n tho reg on between the sk n 
markers 


Ointments may very clohcl^ simulate tie 
trabecular structure of a bonj fragment 
(Fig 529) The shadow of a sebaceois 
cyst seen m a skull film is often suggestire 
of a local urea of bone sclerosis 

Dense opacities m tlie soft tia&ues are 
caused by areas of calcification or o^sifica 
tion Minor degrees of increased ojacitj 
arc seen m non calcified tumours (exclud 
mg Upomata) abscesses (Fig 530) and 
h«ematomata if of euffiuent size Tie 
degree of opacity due to foreign bodes 
depends on their density 

Anas of mail edly increased translu 
cencj ore caused by gas or air in the soft 
tissues A minor degree of increased 
tianslucency may be present in lipomata 

CALCIFICATION IN THE SOFT 
TISSUES 

Normally the deposition of calcium 
III the body is concerned with the foima 
tion maintenance andrejiairoftheskeletal 
system but under certain conditions which 

are not yet fully understood fibrous ti^ue 
and cartilage in any situation may become 
calcified In the common form of soft 


tissue calcification which is knowTi as 
dystrophic calcification the most important factors are undoubtedly low 
tissue degeneration combined with an impovenslied blood supply "D e sites 
of this type of calcification are very numerous and include practically erery 
soft tissue structure in the body Inflammatory and tuberculous 
abscesses haematomata parasitic cysts and many forms of neoplasm o 
simple and malignant arc also liable to this type of calcification 

Several instances of the occurrence of dystrophic calcification are coimi e 
under their appropriate sections as for example calcification . .j 
lar-vTigeal cartilages lymph glands pericardium jileura adrenals 
adenoma uterine fibroid hypernephroma dermoid cyst hjda i 
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tuberculoiis foci in v?nons sitmtions nnd several types of intracranial 
calcification In the foUoiring page«> other examples of dystrophic calcification 
■mil be dealt with In all these instances calcium is deposited m tissues that 
are of low vitality by reason of previous disease or senescence 

Cases do occur, though rarelv in which calcium is deposited m proMoiisly 
normal tissues Tliis is known as metastattc or «i€tfl6o/ic cakification In 
this form of calcification the calcnun is derived from tlie skeleton, usually 
as a result of ‘'ome widespread destnictive bone le'?ion, as for example, m 
hyperparathyroidism or multiple maeloniatosis Tlie excess of calcium in the 
blood cannot be excreted sufficiently rapidlv and tends to be dejiosited m 
such situations as the kidneys, stomach, lungs, artenes, and liver Cg'es of 
this type of calcification have occurred experimentally m hypemtaminosis D 
produced by toxic dO'-es of irradiated ergosterol 

A tlnrd type of •soft tissue calcification is known ns calctnosts [itde p 054) 
The etiology of this condition is still obscure It is more probabU an 
example of dvstrophic calcification, but a metabolic disturbance c'nnot, as 
yet be excluded 

Radio^phicallj deposits of calcium m the soft tissues, if present m 
sufficient quantity, are readily demonstrable by reason of their marked 
relative density as compared with the normal neighbourmg structures 

The deposits appear as sharply defined dense opacities viluch may be 
homogeneous, or may be made up of multiple granular spots or irregular 
structureless masses In some mstances the calcification may be seen as a 
plaque or m the form of a nng j 

CALCIFICATION IN ARTERIES 

Hi patients over middle age calcification m the peripheral artenes is 
extremely common particularly m the lower extremity Its radiognphic 
appearances have already been considered in Volume I 

The question of arterial calcification may be the decidmg factor m 
distmguishing between arteno-sclerosis and tbrombo angntis obliterans the 
faintest trace of calcification being sufficient to put the case in the artorio 
sclerotic group {Tdford] 


CALCIFICATION IN VEINS 

Calcification m the wall of a vem is excessively rare It has been recorded 
m the superficial veins of the leg (Haustmp) This case showed a network 
arrangement of annular and tubular opacities m the subcutaneous ti<ibUes 
Small calcified thrombi, so called phleboliths, are of frequent occurrence 
in the pelvic veins though they are relatively uncommon m other situations 
They have been observed in the scrotum, labia and spleen, and \er\ 
occasionally m the -veins of the extremities ’ 
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fiG 531 Ralogam and cLn al photograph of a case of hipmongoma Male 
Les on pre cnt f om b rtl Rap d increa.e in s ze accompan ed by ae ere pa n n la t f w 
montlib The a I og am shows calc fied thromb n tl e hsemangioma 

Phlebolitl s appear rad ograplucally as sharply defined rounded oj ac t es 
about o mm in d anieter Tliej are as a rule structureless but are some 
t mes laminated In tie pelt is they are generall\ arranged m roi\s ratler 
than m groups 


H/EMANCIOMA 

Calcified bod es resemblmg phlebohths arc seen in subcutaneous cavernous 
angiomata and in haimang omata of muscles Tl ese bod es wh cl varj i 
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from 1 ram to 1 era arc rormdod oro\al and the larger oiie*^ frequcntl 3 
show concentric rings T)ie\ represent calcificTtion of orgniUMjd blood clots 
in dilated \'iscuL'irsi>aces {Ijg o3I) 

CALCIFICATION IN H^EMATOMATA 
Xlie iionusl proce'^s of repair ui subiienosteil h'cmatomata mtiinilh 
mcludcs cnlcification and o ‘sifieatton but intramn^cular hienntoraata aI«o 
occa'iionalU caleifj and m some cases os.sific-’tion tcLcs pi ice later as m the 
condition comraonU kno\m as msosUis osstficann (tule tn/m) 

CALCAREOUS DEPOSITS IN TENDONS 
Calcareous Tendinitis (so cillcd Subacromial Bursitis) 

Hie commonest ‘situation for this condition in the siipra'spinatiK tendon 
near its insertion into the greater tubero lt^ of the liumerus The tspical 
radiographic appearance la illustrated m Fig (a) u hick sliows a large den‘«e 
ojidcits hing alwte the outer part of the head of the humems and extending 
under tJie acrormon process 

The condition is most frequentU met uith m iwtients of iiuddlc age 



(rt) (l) 

Fig — (o) Cftlcareoiw Icpos t in fendon of 8 praspuiatos (6) Traumat c ft\-uj on of 

pienter t Iktos t> of humenia for compir on with (a) Tuberos tj- aVjsent from normal « to an 1 
Ir ns abo o lead of h mcru. The abnomal eha 1o« shawa tho ■structure of bone 
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There is generally no history of definite trauma but recent o%er use of fiie 
arm may be admitted 

Formerly it uas supposed that the opacity uas due to calcification in the 
subacromial bursa but recent work has shoivn that almost mvariablj it is due 
to the deposit of calcium m the supraspinatus tendon itself near its insertion 

It is quite certam that the clinical symptoms and the radiological findincrs 
do not bear a constant relation to one another in this condition For instance 
there may be symptoms m only one shoulder and yet the condition may he 
seen radiographically to be bilateral 

Spontaneous absorption of the calcareous deposit can occur m a relative!) 
short time — m the case illustrated the opacity was only 3ust discernible ou 
re exammation after an interval of two months Sometimes the calcareous 
material is dispersed into the overl)nng bursa and it may be rapidlj absorbed 
from there 

The differential diagnosis from avulsion of part of the greater tuberosity 
of the humerus is as a rule not difficult The opacity m such a case is clearly 
of bony structure and the defect in the greater tuberosity can be recog 
msed (Fig 532 (6) ) 

Other tendons in the region of the shoulder -which may show similar 
calcareous deposits though much less common are the infraspinatus, 
teres mmor and very rarely the subscapulans 

In the region of the greater trochanter of the femur the tendon of the 
gluteus medius may be affected and more rarely that of the pyriformis 
{Goldmburg^ind Leienlhal) 

SOFT-TISSUE CALCIFICATIONS DUE TO PARASITES 

Several parasites occurring in the soft tissues m man are known to undergo 
post mortem calcareous degeneration Whether they may be demonstrated 
radiographically depends on their sije and on the degree of calcification wbicli 
has taken place 

Cysticercus Cellulosse 

In this country the only calcified parasite likely to be found is the 
cysticercus cellulosaj and even this is extremely uncommon and is practica v 
confined to soldiers who have had service m India The condition i^ 
importance on account of the cerebral manifestations of cysticercosis ® 
subject has of recent years been clarified by the work of MacArthur, 
and Smithers and others , 

In Asia and m certam parts of Europe the adult stage of tainia so 
occurs as a not uncommon tapeworm m the mtestmal tract of man 
Urval stage is usually passed m the pig which is infected by eating 
contaminated bj tapeworm ova from human dejecta The o\a 
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into embryos in the intestine of the p^, and migrate to its muscular system 
and other tissues, where they become enq.^ted. Tlie normal cycle b completed 
when man eats measly park and a tapeworm is once more developed. 

ilan may, boAvever, act as the intermediary host if oi-a enter the stomach. 
Tills may occur by “ man-to-man ” infection, or possibl)' through self-infection 
by ingestion of the ova of the patient’s own tapeworm ; man does not 
contract cysticercosb from eating measly' pork. After ingestion of the ox'a 
the process develops as in the pig. The embryos penetrate the intestinal 
mucous membrane and are carried by the blood to different parts of the 
body, where they settle in the tissues. Tlie most common sites are the 
vohmtary muscles and the brain. Wtbin a few months the cysticerci become 
encapsulated, but they may remain alive for se\’cral years, probably three or 
four at least, and during this period give little or no indication of their jiresence. 
lITien they die, hou'ever, there is local tissue reaction from the evolution of 
toxic products of degeneration, and also pressure effects from the post-mortem 
swelling of the cysts. 

In the brain, these changes at the time of death of tlie cysticerci bring about 
epileptic fits of Jacksonian type, and less commonly other cerebral dbturb- 
ances, while in the tissues small subcutaneous and intramuscular nodules 
may in some cases become palpable. These nodules disappear within a short 
time. At tlus stage the cysts are uot demonstrable radiographically. 

Tlie cysticerci, having died, tend to calcify. The process is a slow one, 
and it b estimated tliat it takes about three years for the occurrence of sufBcient 
calcification to be visible radiographically. It b to be noted that calcareous 
degeneration rarely takes place in the cerebral cysts — in rather Jess than 
10 per cent, of cases, nccordiug to Smithers. 

Tlie patient, as a rule, comes under medical care for ccrehral symptoms, 
and if cysticercosb is considered as a possible cause, the X-ray examination 
should not be confined to the skull (for the findings here will generally be 
negative), but must include a careful scarcli for any abnormal calcifications in 
the soft tissues of the whole body. 

Qysticerci, when calcified, are seen ra^ographically as dense, somewhat 
elliptical hodiciv lyb^ in the museJes with ttmir Jox^ ax«i in the direeiJan 
of the fibres. Morrison dbtinguisbes twenty-five different shapes that may 
be seen. By far the most common is the elUptioal, irith one end rather 
more pointed. 

The shadows vary considerably in size, from mere dots up to 25'mm. in 
length, the average being. about 15 mm. long and 3 mm. icicle. As a rule, 
thej' are not homogeneous. Some have an irregular crust of calcification, 
and practically all iuive a central non-calciSed area whicli may be seen as a 
circle in those cysts which happen to lie end-on. 

The above description applies to the intramuscular sliadows. In the 
unusual cases where calcification occurs in the cerebral cj-sts, they are seen 
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as small rounded opacities a few 
millimetres m diameter and quite 
few in number Dtxon and Sj Him 
describe such a ca«e 

Fig 5J3 shows the t 3 pical opaci 
ties m the case of a male aged 30 
who had for six jcars suffered from 
fits of Jaclvsoman t^pe The calcified 
cysticerei were widelj distributed 
throughout practicallj the whole of 
the voluntary muscular system but 
were most numeroiLS in the legs and 
thighs There w ere none m the 1 ands 
and feet and few m the forearms 

X rav examination of the skull 
was entirely negative but it was 
demonstrated at operation that several 
non calcified cortical cysts were 
present 

An absence of intramuscular cal 
cifications does not negative the 
diagnosis of cjsticercal epilepsy 
because sufficient time maj not have 
elapsed for tlie calcification to have 
taken place 2IacArlhur points out 
that 1 positive radiological finding 
13 not to be eiqiected if tl e patien s 
nervous symptoms are of Ic^s than 
four or fi%e jears duration X ras 
exammation maj therefore have to 
be repeated at mterrah over a 
[lenod of vears before positive radio 
logical evidence is obtained In rare 
cases cj^ ticerei are present exclus relv 
in the brain and as the«e rarelj cal 
cify there mav be no jossibiht' of 
radiological confirmation 

Tnchina (Tnchinella) Spiralis 

In man tnchmosis (or tnchuuasis) 

IS generall} acquired b^ the ingestion 
of infected pork 

The condition is by no means un 


Fio 633 — CalciiiedcjsticerciiiiinuActesofleg 
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common in the United States- RaU found an. incidence of 12*5 per cent, in 
reviewing 1,77S jwst-mortem records. In. this, cpnntrjvl^^^.’^rcquencj- Ls 
probably much less. T'an Someren, working in London, foimd- evidence of 
infestation in tw o ca^es out of 200 specimens examined. . 

Tlte clinical elfects are extremely varied, and 'the .condition is rarely 
diagnosed during life, owing to the limited value of the diagnostic tests at 
present available. » , 

The larvffi become encysted in the muscular system, most- commonly in 
the diaphragm and intercostal muscles, and after their tleath calcification 
takes place in the cysts. Tlie time required for calcification has not yet 'been 
established. It is probably a period of years. Irradiated ergosterol is knomi 
to hasten the process. IVaultaiii has shown tliat if artificially infected rabbits 
ate fed on irradiated ergosterol and calcium lactate, a degree of calcification 
normally fonnd after eight to twelve months is obtained within three months. 

The size of tlie calcified cysts is not more than -5 mm., and it is therefore 
very improbable that the 3 ' can be demonatrate<l radiographicalh' during life. 

Braihford has suggested that an attempt should be made to demonstrate 
part of the luasseter muscle on a dental film as affording-tlie best chance of 
showing the cj^ts. The wviter lias recently radiographed a museum specimen 
of trichinosis after placing the piece of muscle in close contact with a fine- 
grain film. Tlie resulting radiogram, when examined by.-transmUted light, 
showed innumerable calcified cysts, but they were of such.small size as to 
be only just discernible rrithout a magnifying-glass. 

Tlie author of a recent article on tricliinosb jnade the statement that in 
one case several small calcified tricliina cj'sts showed ell in a chest radiogram, 
but this cannot be accepted, since subsequent e.xamination" of tjie records 
of tliis particular case left no doubt that the visible calcifications were ct^ti- 
cercus cysts. 

In a personal communication Dr. B. B. Kirklin stated that there was no 
record of a case having been recognised radiographically at the 3Iayo Clinic. 

FUaiia Bancrofti 

This worm causes lymphatic obstruction, the two chief manifestations 
being h»matochyIuria and elephantiasis. 

Adult filari®, when they have undergone post-mortem calcification, may 
Ije demonstrated radiographically. O’Cohnw, Golden, and Jiichindoss state 
that the shadows vary in size, from small dots to elongated forms 5 mm. by 
I mm. Hie opaeitiea are situated in the subcutaneous fat of the leg or thigh 
and are by no means easy to demonstrate. Typically,, they form' chains of 
small opacities, hot they may occur singly or in 'irregular groups. The 
authors quoted suggested that the worm shadows should Tie looked for in the 
tender areas, liecause it has been shown that calcified and live woi^ are often 
found in the same region. , 
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Guinea Worm {eyn Dracunculus Medmensis, Filaria Meduiensis) 

The female ^lorm la generally found m the subcutaneous tissue of the fool 
or leg It maj attain a length of 60 cm or more As a rule, the rvorra u 

spontaneously extnide<l 
through the skin, but if 
retained, it may undergo 
calcification, as in the ca^* 
illustrated m Fig 5S4, 
This shous m the pophiea! 
region a single u orm, which 
has calcified m some sec 
tions of Its length The 
patient had lired m a 
district of India where the 
disease is common though 
he liad not suffered any dt 
abiLty from the infection 
Connor pomts out that 
Fio 534 — Calcified Guinea wonn in popliteal space imtatiwe local leSlons due 

to calcified pieces of the 

dead Trorm remaining buried m the tissues are not tmeommon, and that 
surgical excision mav be necessary 

CUTANEOUS AND SUBCUTANEOUS CALCIFICATION 
Cutaneous and subcutaneous calcification is relatively uncommon Certain 
skin tumours ma^ occasionally calcify, such as fibroma, cpitheboma and 
sarcoma and so also may old lupus nodules Sometimes a few small "Tib- 
cutaneous calcified bodies may be found on the mner aspect of the tibia in 
old people — these are considered to be calcified fat lobules Tumours of 
supposed sebaceous gland ongin may calcify These occur chieSy in women 
and children [Sequeira) Skin calcification may alco be found m of 
metastatic calcification 

Calcinosis 

This rare condition occun. m two forms — the localised and the difiu-'^e 
Calanosis Circumscripta (Kalkgicht, Hypodcrmolithiasis) usually appe^^ 
m middle age and ls more common m females than m males It is charoefw 
Lsed by the presence of localised granular calcareous deposits m and un ^ 
the skin The mo«t common site is m terminal phalanges of tlie fingers on 
the flexor aspect "Many of the recorded cases have had associated vasomotor 
disturbances of thf hands and about one third have shown sclerodermic 
Radiographicalh , the ojiaeities are nodular and extremely dense 
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lx)nc'« and joints in the nei"ldx)urhood appear normal Other regions of the 
l>od> shontd he exammed to detcmiinc tius extent of the disease 

An nnusnn] site is in the skm of 
the scrotum (Fig Slo} {Tntt and 
Trxirrx'peT) 

Caldnosis Universalis is iisnnll^ 
found m children and joimg adults 
It IS a serious condition and 
often fatal Widtsjjrcad cal 
c ireous dejvosits are prc'^cnt os 
large jilaqucs m the skin and suh 
cutaneous tissue and tlicre maj 
also lie calcihcatum m the inter 
<stUnl connective tmue of ilcci>er 
stnictures — tendons imiselcs, and 
nerve sheaths Calcified masses 
may occur in the neighhourhoo<l 
of the larger joints 

There are sujicrfictal rcsora 
blanees lictwcen this condition 
and mjositis ossificaas progressiva 

m that lioth arc found m irmng {mticiits, both arc gradually progressive., 
and liolli show widespread abnormal opacities ndiographicallj In mjositis 
ossificans liowever, there is iKine formation, chiefly m tJic Inink muscles, and 
111 most ca*.es there arc associated developmental nnomahes In calcinosis 
there is alwajs extensive skm calcification even if the tieeper structures are 
involved Tlie ilistmction Wtween the two conditions should not give rise 

toanv rcaldifrieultv 
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OSSIFICATION IN THE SOFT 
TISSUES 

The jircspnco of Ixme m the 
soft tissues II rcadih explained 
when there has been rupture of 
the jicnostcvim, with ihsplacemont 
of bone forming colls It is, how 
ever, possible for bone to be formed 
in ti'5suca which have no con- 
nection with the osseous svstcni 
Tins helcrotopic ossification is a 
rare phenomenon, and has lieen 
the svibjoct of much dwcuvsjon 
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The process -was mexphcable so long as it 
supposed that bone could Ije produced only 
b> a specialised cell — the osteoblast It 13 
■now behered that m certain instances the 
ordmary connectn e tissue fibroblast ls capallc 
of bone production 

Heterofopic ossification occurs onlv in fibroii? 
connective tissues m uhieh calcium has been 
previously deposited (Fig o 3 G) Thu» it mar 
occur in anj of the sites of dy«trophie calcifica 
tioii already mentioned though it is bi no 
means common 

An mterestmg example of heterotopic cis^i 
fication is in the scar of an ahdommal mci'ion 
537 ) The bone is formed as a thm 
plaque and generalh requires tangential Tiews 
to be demonstrated radiographicalh 

Bone formation m the eonnertive tisme of 
muscles and tendons is considered later 

Tlie factors which bring about heterotopie 
ossification are not full) understood Ha/ws 
Jones and Roberit in a recent revaew of the 
subject laj great stress on the blood-supph of 
the region concerned They state that whereas 
pathological calcification may occur in anv 
mc«ench\ matous tissue of low metaboh.m when 
the !)Iood supply is decreased b\ reason of the 
j fibrosis of trauma or infection sub^quent 0 ifi 

cation demands an adequate blood supplr The 
stimulus to rev'ascuhrisHition maj be trauma or pos<;iblv untation caused 
b\ granules of calcium 

Radiograplneallj the cliange froni calcification to ossification mar 
extremelj difficult to recognise It is onh possible when definite bonv 
trabeculation can be demonstrated The radiographic densitj of bone 1 1° 
general less tlian that of a deposit of amorphous calcium of equal size 



Fro 537 Heterotop c os 
s Gcation Tangential Mew of 
bone in laparotomy scar taken 
e ght months after the opera 


OSSIFICATION IN TENDONS 

Bonj spurs are often present at tendinous and ligamentous 
The common sites are the os calcis olecranon patella and externa 
protuberance Tbe«e sinirs are considered to be due to local 
periosteum by traction with subsequent bone production by ce ^ e 

from the periosteum itself Theyarenot therefore to be regarded as exam 
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!)f heterotojMc o sifici 
Lion Tlic process of spur 
fonimtion is a gradini 
one and is nreK of 
elmic il importance 
0 sif5cation)nsb<*cn 
found octasionalK in 
i tendon remote from 
Its insertion irnf^on 
Jones ind Roberts "i\e 
If ft tf nces to e vht 
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t rtt on in niu-rl<^ aroun 1 i | joint orromng in 
A tnalo of 45 para{ 1 ‘cm* for t«n 3 Mrt 


of Jveterotopic o si 
Gc'ition in tl e tendo 
Aclnllw "ind record 
two further ca'cs in 
the same tendon 
‘subtutnneoti* teno 
tomj hid been 
(Timed out m most of 
the recorded 
manj \enrs prori 
oil )i and t) c pre 
sumption is that 
fihrusis was foUoued 
bt calcification and 
eub-equentU bj the 
foriintion of lioiie 
ns a result t f revas 
culan'<ation 

Pej>catcd nnuor 
traumata mn% al o 
lend to ov ificationin 
a tendon and tendon 
sheath ns illustrated 
in Fi" In tlie 

course of her work 
thw patient Ind to 
press licaul^ ujth 
the inde\ fit ger on 
the Imiullc of a knife 
o\cr a period of 
raan> years 
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SOFT-TISSUE OSSIFICATION IN SPINAL CORD 
LESIONS 


In some ei&cs of complete t^ans^e^se lesions of tie 
spinal cord tl ere niaj be extensive bone foniiaticm r 
tbe tendons muscles and joint eipsi les of tl e Je<» 
leading to ankylosis as m myositis ossificans proffie* 
feiva (9c7rtnz Baensch and Fnedl and La'iUr) THl 
tvfie of ossification is 
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TRAUMATIC MYO- 
SITIS OSSIFICANS 
(TRAUMATIC 
OSTEOMA) 

In this condition 
the resolution < f an 
intraninscular homia 
toma proceeds abnor 
nnll) and bone is 
formed between the 
muscular fibres In 
boine cases this lione fonnation maa be due 
to osteoblasts displaced as a result of pen 
osteal ntpUire but such a meclianism need 
not be postulated in all cases since it is 
Inown that the ordinary connective tissue 
fibrobh t IS capable of bone production 
although the factors which bnng about the 
metaplasia of fibrous tissue to osseous 
tissue are as vet unexjilamcd Tlie two 
muscles most commonly mvolved are the 
braclnalis anticus and the quaclncejib femons 
In tl e brachiahs anticus the lesion |,cner 
all} follows a posterior dislocation of the 
elbow or a fracture in this neighbourhood 
(Fig >40) md in the quadriceps it is 
genenlly the result of a severe contusion 
such as a kick at football 

Radiologically there is no demonstrable 
‘ibnormalit} in the region of the muscle until 
at least two to tliree w eeks after the mjury 
when a homogeneous opaatj with ill defined 



FiG ^11— Traumatc 

o^sfican-. of juadn ep ^ ^ _ 

So^e«k k oathph tan week. P« 

Mously Hard 

tached t* 


liara - , 

a fern IT at'* 


CALCJFICATIOX AXD'OSSiriCATIOK IN THE SOrT TISSUES (55‘.> 


wtiigw‘> IS seen, genorallj in clofce relation to tlic underlying bone, but 
separated from it bj .i definite sjuce Fibns tabeii at intenals of! n few 
weeks wnll show the giadual tramfonnafion ot tlie opacitj to a ratiici dense, 
tlenrl\ defined plaque of bone, irregular m structure and showing linear 


htreakmesi or lamuntion (Fig 541) In 
'•onic cn<ses there raaj lie numerous spots 
(/f mfrea‘.ed domitj in parts of the mass 
The new bone is generallv of considerable 
h\7e, espcciallj m thethigh.tmd liesrougldj 
pirallel to the neighbouring sboft reimm 
mg entirih or to a large c\tent distinct 
fiom It llic cortex of the underhing shaft 
showji no abnnnnabtj, but ociasioinll.v 
'light tJencjsteal teaction may be seen 'JHie 
amount of Ixme fomatwn ina> lucie ise for 
1 tin.ie but after some months the mis'* 
temU to dmmuah m iizc, while mcrcasuig 
m density and sharpne-ss {Fig “542) After 
an jntennl of alxjul six to nine months 
It gencnllv remains itationarv though 
complete spontaneous disappearance some 
limeb takes place. 

Surgical ^en^o\^d of the new Ixme maj 
be ntcc^nij. In this ca«!c it is important 
to make suro b^ serial radiograms timt the 
boni» lua&s lias reached u stage of quie«cenco, 
('them ISO reciiiicncc is almost cerlom 

ReiHjated nunoi traumata may also 
result in local intrainuScular ossification, a's 
in the adductor muscles lU the condition 
known as “ rider » Ikme ” 

MYOSITIS OSSIFICANS PROGRESSIVA 

Tins Is a rare <lisease of tuiknoun 



ictiologj which appears enrij in life, geiier 
ally Iwfoic the Mxth jear, and is character 
ised by a progressne ossification of the 
connective tissue m skeletal muscles The 
(issification ajipeats, as a rule, in tlic muscles 
of the neck and upjier back, and spreads to 
the arm-«, trunk, and legs Most of the 
Ijony nia&scs are attached at some point 
to the skeleton, and coiisibt of elongated 


tiu — MjO'ituosAihcans Malo, 
15 TImw months after osteotomj of 
fumir which healed well palunt rc 
quires! maniputalion to n-.tore full 
mo^crnctitofLiics, Dunngpnsumgnmc 
months ft ‘ llor<>ul«it ’ mass of bone 
fonned m lha qimdnr^ps ihn gradu 
ollj liecame tfslucod to half jts ffuginal 
wtUh lUnsir, and more compact, as 
ahown m it1>o\a ra<hop-ajn — qnipf^cent 
8ta{n 
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plaques I 3 ^ng Jii the long a\is of the affected muscles Ossification aLso 
involves pcrimuscular connective tkssue tendons and fascise 

In a large percentage of the reported cases there lias I>een a developmental 
anomalv of the great toe's and thumbs Microdactjha i-s present with fusion 
of the phalanges and the great toe shows valgus defomiitv 

In the ease rej orted bt 2laihtr the condition w as first demonstrated ra J o 
grapliicallv at the age of 2j The patient became bed ridden vrhen «lie nas 
15 tears old and hj the timfeshe was SGjearsof age there was verv wide«.pre84 
ossification m the voluntary muscular svstem (Fig 543) 



Fig o43 M\o o fcans progresxa ui a aoman age<l 36 Cond t on pre-ent 
infancv «eetextabo\e 


PELLEGRINI STIEDA LESIOV 

In this condition a curved opacity of bonj structure w seen Ivmg in 

relation to the upper part of the internal femoral condjie (Fig oH) 

cases there a historj of trauma at least tliree to four weeks prevmua 'pi 
far there is not complete agreement as to the causation of tius sha ow 
certainlj not due to the detachment of a fragment of bone since it 

immediately after an mjurv and there is no corresponding defect in le 

of the ondjie The general view is tint the opacitv re] re'cn s a 
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post traiinntic o&sificntion ui con 
necti\e tissue but u’hetfiert!ie bone 
i deri\ed from mjured penosteiun 
or whether it is due to metaplasia 
b'ls not been settled 

In a recent ci'se reported 
uith operatue findings b} Collart 
the lower end of the Iwnj flal e 
was fimih connected to the sujier 
hcial lajer of the intennl lateral 
ligament of the knee jomt and the 
up)ier end pa<!sed above the in 
temal condole in front of and 
separate from the adductor ningnus 
tendon The neu bone uas com 
])leteK co^eled Avith fibrous tiMue 
winch nas adherent to the internal 
condjle 

Sena! oaammations of mdmdoal 
cises haae shonii that the shadow 
nmj MTV in size and density and 
that it niaj even di«api>ear In 
Collarte ca<e mentioiie<l aboie the 
shadow recurred twn months after 
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operative lemoval of t lie bona frag 

nient Brailsford illustrates a case which liad m addition a similar though 
much smaller shadow parallel to the inner tuberosita of the tibia 
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OTHFR LESIONS OF THE SOFT TISSUES 
GAS IN SOFT TISSUES 

G\s IN tlie «oft tmues produces localised areas of marlxedlj mcrea e<l 
translucency and ls leTclily demonstrable radiographically even iihen ])re«ent 
in quite small amounts The local translucencj due to collection, of fat m 
norm'll situ'itions and m deep Iipomata is not nearly «o great as tliat line 
to gas and should not cause any difficulty m differential diagno is One 
must of course 'iluaNs exclude artefacts due to dressings flavis m ec^een^ 
and films etc 

The most imiwrt'int caaseof gas m the soft tissues is gas gangrene Other 
possible causes are escape of air from the lung or trachea as a result of 
penetrating uounda and lacerations penetrating uounds of the nasal cavitt 
and accessory nasal sinuses perforation of the plmryn\ or ce«opliagU8 bt a 
foreign body gas inclusions in comiKJund fractures and lacerated wound 
irrigation of w omuls orsiiiuses with hydrogen peroaide Exploraton punctiue 
of the soft tissues for abse€«s might conceivably leave some gas lu the tMua 
A aert rare cause is gas demed from the alimentary tract \omjA has 
reported such a case in ul ich an iliopsoas abscess resulted from perforat n 
of the appendn Radiographically this showed a large collection of gas m 
the region of the femoral neck and lesser trochanter Air may be artificnll'’ 
introduced into the tissues for diagnostic purposes as for instance mto the 
breast (see page 660) or into a synovial caaity for*he radiological c\plorat on 
of a joint 

Cas Gangrene 

Although luicommon in civilian practice this condition must be borne n 
mind vhen evamming ladiograms of compound fractures and 
associated Mith penetrating foreign bodies and extensive laceration 
examining a radiogram in such a case there is any suspicion of gas m t c 
tissues tlie matter should lie re^rded as urgent and the clinician niu 
informed at once hacilli 

Gas gangrene occurs m wounds mfected by a group of anaero 
which m suitable conditions haae the property of producing rapid pu 
cl auges m muscle mill the eaolotion of gas The infection h u«iua \a 

one the most common organisms being B nelcl ii and B sporogenes 
66 
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Ajipreciable quantities of gas may be present \Mthin a few hours of the 
injurj or the uifectioji jnaj remain latent for se\env] da}«5 

Radiographiealh, tlierc are two mam tyjics of aiipnranccs 

(1) LociUSED — Tlie gas appear as an j-ohted area of tnin«hicentt , 
in strong contrast to the snrroundmg soft tHswc sliiclow Jlore commonly a 
numlier of discrete bubbles are present, winch arc inostlj o\aI m shape and 
nm be of various sizes Sometimes tlie bubbles ire arranged one alxive tlie 
other m a string extending 

longitudunlly m the direction 
of the muscle fibres The 
collections of gis niaj be at 
some distance from the track 
of the original wound Serial 
films at intennls of a few 
hours would sliow increase in 
the number of bubbles ex- 
tending o\ er <v large area 

(2) DitFtTSt — lufhibtj'pe 
tiicre li extensivo and mnssivc 
inhltration of gas m the soft 
tihfeues As a nilo, the suh 
cutaneous tissue is separated 
from the undorljang muscles 
b\ a wide band ol translu 
(enc> and m addition to 
bubbles of various sizes tliere 
is 1 coarse streakiiic^s chicfit 
longitudinal in the muscles 
with rather wider bands of 
transhicency ui the inter 
muscular phnes (I'lg olo) 

SatiU has dc^crilied causes ^ 

m which there were areas of gas infiltration in the form of fine stnations 
ma]iping out the mdivitrual muscle fibres The prognosis in such cases was 
considered to Iw particularlj unfavourable Well illustrated articles on gas 
gangrene, bared on experience m the wax, have lieen published b} J/orisoii, 
SaiiU lieiry, and Jilorgan and Vihandre 

In the well established case with widely distributed collections of gas, the 
ajipearauces are unmistakable, and, of course, the cluneal signs are equalJv 
definite Tlie help which \ Tiy exammation affords in such cases is to 
indicate tlie extent of the process, which maj be shown to lie greater than the 
climcal indications would suggest, and the A. raj findmgs may influence tho 
tjqie of surgical trentinetil that must be adopted 
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The chief difficulty in interpretation experienced h> iiar time radiologists 
M as the translucencj due to traumatic loss of muscle substance — a correlation 
of the clinical findings Mould naturally avoid an j mistal e from this appearance 
In the early case in uliich relativeU little gas is iresent certain other 
jjossible fallacies have to lie considered 

Gas bubbles due to inclusion of atmospheric air m Mounds are generalli 
not so clearH defined because unLke 


gas evoh ed by organisms tl e\ are 
not under pressure Tliesc an m 
elusions are found m the track of tl e 
MOund and disappear Mitlun ten to 
tMclre hours It may lie impo sible 
to differentiate gas collections due to 
Hi>0^ if tills has been used as an irri 
gation It is to be noted that these 
collections may be seen at some little 
distance from the track of tlie wound 
Ex])erience m tlie Mar proved tl at 
m bomt cases the \ ray evidence of 
the presence of gas infection v as 
obtained earlier than the clinical 
evidence and the radiologist shoull 
therefore not hesitate to inform the 
clinician at once if there is anj rad o 
logical suspicion Tl e results of 
delay even of a feM hours are so 
bCiw>Mb V5 bcUet to he too 

active in tins regard 

Subcutaneous Emphysema (Surgical 
Emphysema) 

FoUovvang crushing injuries of tl c 
thorax m uhich laceration of the 
F,g 040 -AcedentaUurg cal emphysema , j occurred larp 

lolJon g niucton of art Ac si pneumo •* . ° .nfn the 

thorax quantities of air may escape into tne 

subcutaneous tissues chiefly m c 

chest Mall and nccl but po sibh extending over the whole body ^ 
grapl ically there is massive infiltration of air m the for™ of strea s 
bubbles chiefly m the subcutaneous regions but also ui tlie mternit^^ ^ 
planes Here are no intramuscular collections and no delmeation 
dmdual muscular fibres While the X ray appearances of the tissues 
simiW to those of gas infection the clinical findings in the two con 
enti’^ely different Subcutaneous emphysema per sc is a condition o 
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clinical importance and, clears np spontaneous!) inthin a few dajs Moct 
commonly the laceration of the Inng is caused hj fractured ribs and it is 
mteresting to note that a coincident pneiunotl orax is not nece'^arily 
brought about 

Subcutaneous emphy'sema niij occur accidentallj divrmg tie induction of 
artificial pneumothorax or as a result of explora 
tor) pmicture of the chest especiallj when the 
lung has been penetrated ui *x part nlnch Ins 
Ijecome adherent to the chest will (Fig a4C) 

Wounds miolving the upper respiratoir tnct 
and the accessorv niial sinuses maj al'Ki produce 
subcutaneous emph)<enia and it is po <4 iblc foi 
the condition to occur follonmg a media^tunl 
emphjsemi — this> his ilreadv been di'sco'ssed in 
\ olume I t 

FAT IN THE SOFT TISSUES 
As alread) mentioned fat is slightlj more ^ 
truislucent to Xrais than the other soft ti-ssues 
ind its presence aliens of the delmeition of 
imisole ind tendons It il«o shows up b\ con 
tnst the more opaque «ubcutiueous fibrous strand 
Tie exces«,i\e uitermu ctilir fat in p-^udohtper 
tiophic miopithr mi\ be shown radiogropliicitl) 

A lipoma ma^ be sometiute» succe sfoJIr demon 
etrated as a well-defined roundccl or o\al area of 
i«crea‘!ed translucenci I 3 ing between the muscular 
shadows (Tig o4 ) T1 is ippeannc’e is clnracter 
istic of « hpoim and will difFerentnto^ this 
tumour from other soft tissue neoplasms Tlie 
degree of relative translucenci dejicnds on the 
size of the lipoma and also on the proportion of f oi — impro u^fiar 

fattv tissue present if there is much fibrous Ipoattofarm niow-nasa 
tissTie m tlio stniim tlic density of the shadoii 7 'thL'lh '“erSlonr 
mi\ be indistiDguisliable from that of the neigh 1 ) e 
bourmg soft parts 

BURSITIS 

Inflimmatory changes in a bursa maj 'mmetimes be reeogni'ied radio 
graphical!) w hen the distended feic is seen m profile ha the presence of an 
oval homogeneous ojiacitv m the known position of a bursa Enlargement 
of a subcutaneous bursa such as the prepatellar or olecranon w ill alto produce 
ver) evident lociliied projection of the soft ti'»sue outline of the part In 
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chrome e isos there is frequently ronghening of the bone surface deeii to tlic 
bursa as a result of jieriosteal reaction 

In old standing cases of chronic bui^itis there may be calcareous dejiosiU 
m the a^all of the bursa or m loose bodies ivithin it This is lioweaei a 
relatively imcommon cause of soft tissue calcifications m the neighbourhoo I 
of the joints The well known condition in which calcification appears in 
the soft tissues above the head of the humerus is now considered to be due 
almost invariably to calcareous deposits in the suprasiunatiis tendon and not 
to calcification in the subacromial bursa as was previously supposed 

RADIOGRAPHY OF THE BREAST 
X ray examination of the mammarj gland is rarely carried out in tl w 
country as it is believed that little information of clinical value ran be 
obtained by this method 

In the American radiological literature however tiiere are frequent 
references to radiography of the breast and a verj complete survej of tie 
subject including the most recent technical advances is to bo found m an 
irticle by HtcUn and others based on a 6tud> of over 600 cases 

The most usual metliod of demonstrating the breast radiographicallj i 
to use the supine oblique position with the breast to be evammed supportel 
on an angle board liaving an inclination of about 20 degrees The central 
ray is directed tangentially to the cliest wall m order to avoid overlapping 
rib shadows and also because it is important to sliow the retromamniirj 
clear space The penetration required is usually between 40 and CO K \ 
and a fine focus tube is advisable Stereoscopic films usmg a longitutlunl 
•shift are generally taken A more elaborate method in which the breast u 
made to hang dowmwards through a sht in a canvas ciadle supporting t)e 
cliest has been described by Geiskon Cohen 

A radiogram of the normal breast will show a subcutaneous layer of 
1 dative translucency due to fat and a similar layer of tianslucency separating 
the breast stioma from the chest wall Between these relatively clear arcii 
IS visible the tnangulai shadow of the breast substance which appears as a 
moderately dense opacity traversed by denser streaks converging towaim 
the nipple tlie latter representing noniiHl fibrous tissue strand' and t e 
.laPvt’.fecswF xdiwA? J/.vTOviV fyi .'s pN'ss’Uft x'xUvw t.lie JiwiaRt stromi areas o 
increased translucency will be present giving a rather mottled apjearante 
Variations of the normal pattern have been described m the different «fage' 
of the menstrual cycle and during lactation 

Malignant tumours cast denser shadows than breast tissue and cau 
obliteration of the normal stnations in the affected area Tliey are 
in outline, and often show i feathery appearance on the periphery cv 
of the infiltrating growth may bo indicated by local projection of the opaci 
in the form of thick strands 
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Ison nnlignmt twmoijrj nith the eweptjon of hpoinato an, als) tlejj<5cr 
than the brea-^t ti<?sue Tlie^ ln\e n shtrplv defined outline and it mnv Ifc 
|K)«sibIe to domoTidrate that the normal stnntions are distorted bs pressure 
and not obliterated ns m the ease of malifmant neoplasms I ipomatn produce 
locoli-^d areas of were iscd tr inslucencj 

Htclen and hts cn uorkers (loc at) show that b\ using thorotmst as i 
contrast inednim to inject seitral of the larger lactiferous ducts and b\ the 
injeetionof gas (CO ) into the rctiomimmai^ and subcntancoiis regions a teri 
complete Msuah&ation of the anatomt of the hreasit cm lie ohtamed These 
methotU nliich thc\ descriTie as contrast manimograph\ haae been 
aabiable both in sUuitang the normal breast and m differentiating neojlasms 
The procedures are stated to Iks well tolented bv patients 

OPACITIES IN THE SOFT TISSUES DUE TO THERAPEUTIC INJECTIONS 

In tlie gluteal regions and thighs and rarelv m other situations ojiicities 
of metallic dcnsita mat lie observed ulnch are the result of pretious Ultra 
nmscukr injections of radio opaque substances such as morcurt hjsmuth 
lipiodoi etc 

Mercura remains ui the tissues for mint tears Casts hate lieen obscrtcd 
m ttluch dense shadows were still present tlurtj jears after the last mjection 

Intramuscular bismuth injections tend to disajijiear relatitelt quickU — 
usuflllt tnthm a few montlis 

Oses hate been recortled in which calcihcation has Inkon jilatc at the site 
of prctiotis injections It is assumed that local necrosis has occurred and 
later calcium Ins lioen dejKisited in the resulting scar tissue iewpr descnlies 
this calcification after the injection of arsenical and bismuth jirepintions for 
congenital svphihs m infants and /.emfen records two ca«es following quinine 
injections for malaria 

Opacities due to loeah cd ilepasjtion of ralcuim in the soft tisHue>. mat 
occasional}} be seen nuhographicaJIt « fen weeks after the intramuscular 
administration of calcium gluconate — a hubstance winch is not radio opaque 
at the time of injection 

Dr C P X/i/xijf has dc>cTiGetf to the wTitcrtwo cases of such cafcitTcation 
occumng m infants who had lieen given intramuscular calcium gluconate for 
tetany In these cases hard swellmgs became pdpable at the sites of mjottion 
within tlirce weeks and radiograms showed corresponding cilcnrcoiis i)no.-s?« 
Gradual absorjition took place during the ensuing three montlis 

FlSTULiE AND SINUSES 

It IS frequentlv jiOiSible to obtam information of great clinical \ due bi 
oiithning fistulous tracks and smmses wrth a radio-opnque medium This 
procedure is most comnionlv required to determine the point* of origin and 
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course of a discliarging smua in cases of chronic osteomyelitis and tuberculous 
disease of bone 

Other applications of tlie method arise m connection uith the salivarj- 
glands, respiratory and alimentary systems, and the urmarj tract The'« 
are dealt uith under their appropnate sections Certain fistul'e of develop 
mental origin are considered later m thi?» chapter 

In outlining a smus, the use of an ojia({ue tube, such as a ureteric catheter, 
is rarely successful as it is generally impossible to overcome the tortuosity of 
the smus and, m any case, no information is given of ramifications or com 
inunicating abscess cavities 

A fluid or serai-fluid medium is almost mvariably necessary Lipiodol is 
one of the most useful media, especially its colloidal emulsion The chief 
difficulty is to m^ect under sufficient pressure to demonstrate the whole 
traclv, while at the same time avoiding refluv of the fluid through the skm 
openmg As a rule this difficulty can be got over by having available short 
lengths of rubber tubmg of various calibres and using a suitable size to fill 
effectively the first few inches of the smus The tubmg may then be connected 
to a record syiinge and the mjection made while applying pressure in the region 
of the superficial openmg Wlien reflux of the fluid finally taJtes place, the 
nibber tube is withdrawn and the orifice scaled vnth collodion or adhesne 
plaster, taking caie to leave as little opaque medium as possible on the skin 
surface The site of the opening may with advantage be marked vnth a 
circle of wire to facilitate orientation of the track when the radiograms are 
being exammed 

The radiograms necessary depend on circumstances Two views at 
right angles ire generally sufficient, but oblique views and stereoscopic pairs 
may be of assistance 

Brailsjard suggests the use of a semi sohd mixture of vaseline containing 
25 per cent barium or bismuth The mixture is heated and allowed to cool 
until it forms a rather thick paste for injection 

Schvnz recommends the use of thm pencils of cacao butter containing 
bismuth Tliese are made up m lengths of 8 cm , and can be inserted wit i 
forceps into the smus one after another as melting takes place at bo ) 

temperature The solid part of the stick serves to block the skm opening 

Certam fistulre of developmental origin may u'^efully be examined ra o 
logically 

Thyroglossal Fistula 

The fistula occurs w hen a thyroglossal <^t breaks tlirough the skin Tlic 
external openmg is v ariously situated, as a cyret may be present at any pow 
along the course of the thyroglossal duct The duct, which is 
with the development of the thyroid gland, passes exactly m the mi 
from the foramen csecum of the tongue to the upper border of t e JTC 
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cartilage, 'tvhcre it deviates slightly to one or other side. TJie duct passes in 
front of the hyoid, but has a sliort recurrent loop in. relation to the posterior 
aspect of this bone. Jiuclenuteiuer has recorded two cases in nhich X-ray 
examination uas earned out and served to demonstrate the extensile 
ramifications of the fistula. 

Branchial Fistula (Cervical Sinus) 

This fistula, uhich may be bilateral, is due to faulty develojiment of the 
branchial arches Tlie external opening is usuallt' close to tlie anterior border 
of the stemo-mastoid, just above the stemo-clavicular joint, and the trach 
extends up to the region of the tonsillar fos«a. It does not communicate 
uith the pharynx. 

Preauricular Fistula 

Tins rare fistula U considered to result from aberrant coalescence of the 
t«}>erclea from trhitli the pinna is developed. The e.xtemal opening is situated 
m tlie crus hehcis In a group of cases recorded by Stammers the track uas 
almost straight, and extended dowuuards and fomards for onlj’’ a short 
distnitce X*ray mvestigation m such cases would not have lieen of value, 
but more complicated tracks have been recorded, ns in a cose described by 
Pournier, m which a preauricular fistula traversed tlie parotid gland and 
readied to belou the angle of the jaw. In tlus particular case X-ray examina- 
tion uould have been useful, for several ojierations were earned out which 
miglit not have been necessary if the full e.xtent of the fistula and its 
lanufications had been detcrnimed m the first instance. 

Coccygeal Sinus (Pilonidal Sinus) 

In tins condition, uhich Is of developmental origin, one or stvezal iiimnte 
orifices are present m the middle line jxistenorly about the level of the fii'st 
piece of the coccyx Tliese orifices are lined by tme epithelmm and com- 
municate w ith a superficial cav ity w hich also has an epithelial linmg. 

In early adult life there is a tendency for the fistula to become infected, w it Ji 
the result that a sums track is formed which extends upwards and outwards 
to open on the skin surface m the mid sacral region one mch or more from 
the middle line. 

yexiell has recorded eleven cases of this condition in which preojieratne 
X raj investigation after bpiodol Injection of the track proved of value in 
cleternunmg the course and extent of the sinus 

Umbilical Urinary Fistula: 

Urinary fi-jtulaj of developmental origm *may occur with an externa! 
opening at the umbilicus. Several types ha\^ been described, and in tlje more 
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obscure cabcs X raj exaimnation liai> been of great value in determuiing 
tlie exact variety of de\ eJopmental abnormality Tor this examination tlie 
bhdder is filled per ■urelham uith ojiaqne fluid and the fistula is similarli 
outlined bj injection through the external opening 

According to Begg, ivho discusses the developmental aspect in detul 
inforiiidtion must be obtained on the following points “Does the apex 
of tlie bhdder it«:elf rcacli to the umbilicus t And if so, is the upper 
segment nairowcd m tlie form of a canal representing a paitially formed 
urachus * ” 

Begg states that in cases where the bladder is normally placed, the urine 
escapes from it either tlirough the dilated terminal portion of the unchal 
can'll 01 thiougli tlie wcah point at the junction of tlie uraclms with the 
bladder A fistulous track extends from the point of escape to the umbihciw 
pa'smg betw ten tlie jicTitoneum and the Iransx ersahs fascia 
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SECTION XI 

LOCALISATION OF FOREIGN BODIES 

BY 

T FANE TIERNEY MRCS LRCP DM RE 
CHAPTER L 

THE LOCALISATION OF FOREIGN BODIES 
Methods or localisation are exceeded in number only by their ing,enuitj an I 
compleMtj Dmmg the Great War numerous complicated X ra) couches 
and pieces of apparatus uere constructed n ith a view to making localisation a 
quick and easy measure Under peace conditions and m cml lio-spitals and 
practice the call for these appliances does not arise and the localisation of 
foreign bodies is once more reduced to its fundamental principles 

If the foreign body is in an anatomical region where the full equipment 
and staff of the theatre is not required the X ray table may be made the 
operatmg table and the surgeon and radiologist thus co operate penodic 
screen evammation is thereby made possible and the progress of the operation 
cliecked By this method a foreign body may be speedily extracted inlh 
consequent gam m time and minimal operative trauma 

Although it would appear on the first glance that two radiograms taken in 
two planes at right angles must necessarily mdicate the exact position of the 
foreign body this is by no means true and right angled Yiews max be leiBirdeil 
as an absolute guide only if the body is embedded m a piece of bone or it 
the two views are taken with the central ray passmg through the foreign 
body and without movmg the patient Under the latter conditions tl e exact 
positioning of the part in question is essential 

The radiologist must always bear m mind that the 2JrobIem is not a mat e 
matical but an anatomical one and that some definite anatomical relation up 
IS of much greater value to the surgeon than an exact physical measuremen 
from a useless surgical skin markmg As an extreme illustration of thi-? I®'” 
information that a foreign body is lying m the knee jomt is of great i 
wliereas an exact mathematical description of a temporarily fixed obj°ct roi 
an mv lolablc surface marking may be of little value . . 

Tiie following methods are available and the selection of tic nif* ' 

672 
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depend*? on the site of the foreigjj Ijo<I\ nml (he indnulual prcfeixnop of 
the rndiologjst 

(1) METHODS OF DIRECT OBSERVATION 
(n) Fluoroscopy — ^Tlns method has the nd\nntnt!o of reqmrmj; no special 
npiwritns and of l^emg quick and m auitaWe regions exact It is iKst earned 
out nilh the patient lung on the txmch, the tnl«* under- 
ncath and vith the mmmniin aizo of dmpliragin consistent 
^\lth a true appreomtion of rnalomiott rclationsinp The 
lorcign IwU IS first locnhsod rongldj and the diaphragm 
then contmcled to a workable mimmtim ’flic region in 
(piestion IS now placed in such a position ns can Ik; easiK 
i-eproduccd and a mark made on the hkiii at the jioint where 
the shadow of the foreign IicmH is east Ay the ce?itral ratj 
Hie process is repeated m a [ilani at right angles to (he 
first The method of marking the hkin is iimhI aecnrateh 
tamed out In using a ring locah'cr. consisting of a amall 
metallic Ting cnrr\mg a pair of \\m« mter«cctmg at right 
angles the whole mounted on a handle (Fig 548) A modi 
fnation is to lm\o a plunger which can Ik? matle to mark the 
^}%ln at llie jioint where the wires wterrcel 

Tlio jxnnt of the intonsttion of the wire^ is placed o\er 
the foreign liodv under the f<reen which can then lie roinoml 
the liglilB switchcii on and the jioint carcfuIK marked with a 
silver nitrate stitl or with luma ink (unless the t\i>c of 
ring U'*cd has its own morkmg arrangement) The main 
efc*tmnl of tills method is to record the exact jxiMiion of the t m tis — 
region under txammation If the aiirgcon decides to ojwmte iresiU'ST 

on the \ nit conch the first incision is now made imil the 
[lart screened again as required rrc«siirc otcr the foreign hod} will tail's; 
irio%ement of it uid tlie nearer the foreojis to tlio foreign l>od} the greater 
tile excursion it will undergo in this waj greater control nn} lie kept owr 

the ojjcration and an} 
sinftmg of the foreign l)od\ 
will Ik, iinmcdiatelv dc 
terted A disadc-antagc of 
this method is the difticuUx 
of keeping tlic operation 
field aseptiL 

(A) The Parallax Prln'*i- 
plc — If, ns III lig >4') a 
pourte of hgiit, Pj is allowcil to fall on to an object 0 placcil m its patii to a 
screen & a shadow of 0 w dl be cast at a |X)mt Aj on the screen If Pj lie now 
\Rm — 43 
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Mio\cd to Pg another shadow will be ‘«een at Aj If now 0 he nioied nearer 
to S the excursion of the shadow Aj-A^ is found to be ruarkedlj diminished 
The magnitude of the excursion Aj Aj mai be taken as a measure of 0 
fioiu proiidmg the distance P-S remains constant This is known as the 
2 mallnx imncxple and mav be utilised bv replacing P b) an \ raj tube an I 
S bi a fluorescent screen or film 0 being the foreign bodj 

bse of this method ma 3 be made when the foreign bod^ is removed on tin? 
\ raj couch The relationship of the forceps to the foreign bodj is de 
ttrinmed bj moving the tube horizontally and adjusting the forcejs until 
tJie excursions of both the foreign body and the forceps appear equal when 
this point IS reached the forceps are appioiiraateU at the same depth as t! e 
foreign body from the screen and the only remaining factor is the lateral 
dMance between the two shadows 

(’) THE STEREOSCOPIC METHOD 
'steieoscopicaiewsare greatly faxouredby manvsurgeons as they niay gne 
a good anatomical picture of the j osition of the foreign body An essential for 
the success of the method is the presence in them of bon\ landmarl s again«t 
w Inch the foreign bodt must be orientated In the absence of these e g tl e 
thigli steicoscopt IS u'eless as an exact method of localisation It la p rticu 
larly u«eful m the skull It is alwass wise to supplement the infomntion 
gamed stereoscopically by additional exact meaMireraents obtained from one of 
the manipulation metliods 


(3) SIMILAR-TRIANGLE METHODS 
It i-j by utihsing the simple geometrical theorem of similar triangles that 
n large aarlet^ of methods ha\e been exolved all depending on tVn wn 
sidention Almost eien radiologist has eiohed some mgemous variant o 
the niethod and only the classical ones need be mentioned 
In Fig ooO are two similar triangles 

Now if S represents the shadow shift on a screen or film F the foreigi 


bod\ and T the shift of an \ ras tube we nia> sa% that — 


the depth of the foreign bods J) 


tube distance A shadow shif t 
~tube shift + shadow shift 




I\e liave now to consider how these condition^ are applied 


The following measurements must be made , j. 

(1) Focus — film distance A (2) I'ube shift distance F (o) ^ a ^ 
distance S * t di 

For 1 imposes of conienicnce (1) and (2) maa he kept constan a 
tances easy for calculation eg uO and 6 cm respectiveh nicasure 

Complicated apparatus is unnecessary for these metliod a 
and plateholder with cro^s wires bemg all that are required 
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Hiere are three mam methods 

(а) \\ith a fluor^cent screen 

(б) Vi it}i one film and t\vo e’sjKteure:. 

■» (c) '\\ ith tmo films m cross iro bolder 

(a) Fluoroscopic Method — ^The part to be eximined is 
] laced coiuementh on the couch md the tube screen 
(iLtance arranged Using a narrou pencil beam of 
\ 1 ij-s the position of the foreign I)od\ is first marl ed 
on the «km and then on the screen The tube is now 
luoted 6 cm liorizontallj the position of tlie foreign 
bod\ again marked on the screen and the distance of 
the shadow shift measured T1 is bv simple calculation 
gues the depth of the foreign bod\ below the surface at the iiomt alreadt 
marked ‘'Uppo«e the shadow shift ivas 2 cm TI eii from the fomiuH 
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\ anon's t^Ties of apparatus have been brought out with the object of 
iinlang this niea«iuement a simple matter one of the mo»t sati^facton of 
which IS that introduced bv McCngor and u«ed m the \ ra> imits of the 
British Armi 

The ■McCibigor Flcoroscopic LocaU'»bb is designed particular}! for use 
with a ward inobde unit and is mdci»endent of the focus screen distance At 
tached to the tube is a cone bcarmg at its free end a lead 
diajihragmwitlianajHirturecoiTcsjiondmgto three quarters 
of a circle The remnmmg quadrant projects into the 
circle with its point at the centre (Fig o>la) The 
ratio lietween the radius of the circul'ir diaphragm and 
the focus diaphnigui distance is 1 to S 

Fixed screen Mtihod — ^The locahsation is smijiUcitj 
Itself Pitient and under couch tube are bo adjustetl 
that the shadows of the foreign, bodj and the diaphragm 
jKimter coincide (If the forei'm bod\ is lar^e n 
prominent point m it i3 choeen for measurement jiur 
jjoses ) This point is marked on the fluorescent screen 
Tlic tube IS then moved till the shadow of the foreign 
bodv ju3t di<«appears under the circular edge of the 
diaphragm Tlits XKunt is al<^o marked and the distance 
between the two jiomts multiplied b! eight equals the 
dejith of the foreign bod! from the screen As will W «een from Fig 551h 
thn* method i* based on the ntjo between similar triangle'^ \BC and WZ 
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A ind Aj indieT.te the positions of the foc-il spot and, \ the foreii^n boclv 
and as AC = SBC obviously X7 — t>Y7 

It IS convenient to h ive concentno circles each ^ meli apart marked on the 
screen Tlie depth can tlien be read off at once if tlie first sliadow position 
is made to coincide ivith the centre of the 
circles One disadvantage of tie method 
IS the jenumbra Ci-st by the diaphragii 
vvbicli may make accurate measurements 
difficult in thicl subjects It can 1« 
inmimised by placing tlie cone as close to 
the undei surface of the couch as possible 
Moting screen Method — Ibis vai ation 
IS used «hen tlic tube and fluorescent screen 
move synchronously In this case tie 
measurement must be made from a centre 
I oint shadow instead of a screen mark it 
the circle centre point 

This IS done as follows Suierimjose 
the localiser pomt and foreign body sliadow 
08 before ond mark tins point on the sk n 
with a lead arrow Now move the tube m ft 
convenient direction till the shadow of the 
foreign lody is cut off by the circular 
diaphragm Marl tins point of disapi ear 
anco on 0 e bcreen Measure between tins 
mark and the shadow of the arrow pouit 
ns now t$SiMe This distance multipl ed ly 
I o 5 II, u gram ot II . . n, to 8 gi»«s tliO depth ill inches ns liefore 

tr angles n ti o 5tcC gor metho 1 (6) Double exposure Film Method —In 

this method the position is first locali'ied 
with a pencil beam of X rays and the skin marked The diaphragm is no\ 
opened and a film placed over the area A half exiiosiire is given Ti c t ibe 
IS now moved 6 cm and another half e\i>osure given On the film the shado 
shift IS measuied and calculation is made exactly as in method (i) 

(c) Double film Method — Wiere two films are used it is essential aho (o u e 

a film holder with fine cross wares m order tliat there can be some fi’ced po nt 
from which to mal e the measiirements 

The position of tlie foreign body may first be marl ed on the skin as ore 
A film is now placed m the holder the cross wires ml cd and placed in con n 
with the skin and an exposure made The tube is shifted and anot er m 
exposed as before with tlie holder m the same position It is well to ge 
two shadows m the same quadrant if possible and fairly near to tl e po n 
intersection of the cross wires 
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The <le\ eloped films are no^v superimposed hy means of tlie crdss ires the 
shadow shift measured and the depth of the foreign body calculated as befote 
If the horizontal position of the foreign body has not been ascertained, it may be 
found by using a simple paper modification of the "Mad enzie Davidson 
locah«er 

Tire ilACKE>ziE Das idsov Locausebis noiv of histone interest only, but 
It illustrates visuallj the principles on which these method;* are based and 
isa\orthj of description 

It IS a simple piece of apparatus whereby tlie conditions used m takmg 
the exposure are reproduced Two threads are held b> a cross ann over a 
base which has tuo lines ruled crossing at right angles A tracing of the tuo 
films IS made on a piece of tracing paper with the tuo positions of the foreign 
body indicated in relation to tlie cross uires this is placed o\er tlie rulings on 
the base 

The tuo tlireads are now placed at the points of the ehadov shift and held 
111 position by small weights The height of the cro®s arm is made to corre 
spond to the target film distances and the threails are held at distances 
corresponding to the tube shift 

Thus the whole scheme of the exposure is reproduced The pouit of inter 
section of the threads must correspond to tlie position of the foreign bod> A 
perpendicular dropped from this point to the base will give its horizontal 
relationship to the cross wires and a measurement of this jierpendiculnr dis 
tance uill gne its doptli below the surface at »hi« pomt 
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THE TEETH Am) JAAVS 
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CHAPTER LI 

THE NORMAL TEETH AND JAMS 
THE TEETH AND ALVEOLUS 

I TiiHiE IS a clear \mtler«tanding of the projection of shadows by X rajs 
and a full appreciation of the normal appearances, the recognition of iiatholo- 
gual conditions roacaled radiograplnciUy is not jiossible 

It cannot be o\er emphasised that it is absolutely mijieratnc to ha\e a 
lonipletc understanding of the normal appearances and their \ariations m 
« rdcr that departures fcotn the normal can be recognwed 

The Radiogram of a Tooth exhibits a white homogeneous sh'^dow repre 
minting the dentine and cenientum, winch arc not differentiated, and a whiter 
homogeneous slndow corormg the coronal portion of tlie dentine and thinnei 
It tlie neck of the tooth, rcjiresenting the enamel 

Tlic important iioiiU is tliat the cnaniel shadow is equally dense throughout 
Ihc pulp clumber and root canal arc dark shadows ni the centre of tlie tooth 
iiiul larger in a young subject than in the adult Tins is because there is a 
pr idinl diminution m the size of the cavity by deposition of dentine 

In a normal tooth the pulp chamber does not contain any CMclence 
of structure 

The Periodontal Membrane, being a very thin ^oft tu^ue, docs not cast any 
'•lindow but on account of its situation between bone and tooth both radio 
iipaque subst inces the space which it occupies is rc^ealedas a thm dark line 
|lig 552) Tins ii. usually of equal thickness throughout itse\tcnt,butitisnot 
unusual c\en in normal conditions to find an increased thicknoss of its cervical 
portion Tlie sjiace is frequently termed the |icnodontal memhranc, and tins 
sen es to sai e a lengths description, but it must bo iindcrKtood that the actual 
membnmo is not showai 

The thin dark hue is seen to lie continuous throughout its w hole extent , but 
It may not nppcir to be of equal clanty and thickness on account of certain 
conditions of projection winch irill be discusser! in describing the lamina dum 
The thickness of the membrane is» not the same m eacry mdividuil, but it is 
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inainhbular bone tuns beneaihtlu: lower moUtn succtlme the pre^onwof ac>»t 

normal 



Fir uS — Anterior Fi( »0 — Normal antnim tif — Normalniiirum Tli* 
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the ‘Jimcaroimdeich tooth manj one nonna loose An^ dncrgencefrointhi« 
IS liket^ to bo due to iouie nbnormil caitee 

The Lamina Dura is the thm chrtical lajer of bone vhich lines the tooth 
‘'Ocket nnd uhith ajijiem on a ndio^am ns a thm white Ime, usually ,1nit not 
nluajs quite sharplv denmrented from the adjacent cancellous lione (Figs 
“>5") olO) Normnllv tt is contmuous tliroughout its w hole extent, and tan lie 
traced nrotiiid the roots, mto the root bifurcation and up to the cer\ icsl surface 
of the aheolus 

It IS an important structui’e m X mj diagnosis, and great stress is hid upon 
Ur contmuitj throughout its extent From the above desciiption it might be 
n'sumcd tint the kmiin dura should lie seen m every ease as a sharplv defined 
thm white hue having equal densitj and xvidth tliroughout its entire length 
Such an assumption is incorrect and leads to considerable imsunderstanding 
and error m interjiretatiou 

Coriaideration of the projection of slndows and the exact aai''oinicaI 
•>)ni)e3 of tooth sockets will demonstrate that there must l>e considerable 
variation m the widUi, density, and ^sharpness of the «h idow of the lamina dura 
m different cases 

The reason the lamina dura is seen in a radiogram and can be distinguished 
from the aunonnding alveolus is that tlic bone of which it conuists is denser and 
therefore more radio opaque than the eurroundiiig structures 

The raja pa«smg tlirough the alveolus enter the cortex of the socket and 
( \iK?rienee the greatest ahsorption when the angle of mcideiice ^ m the long 
axis of the longest length of t!ic condensed bone, nainelv at the mesial and 
<hstal aspects of the tooth The greatest absoqitioii and therefore the sharjiest 
-hadow will result when tiie walls of the socket ate flit, and parallel mcsnllv 
uid distal!) If, however, as is very frequently tlie else, the slmiip of the loot 
K iiTcgular there w lU not be a great length of socket cortex to absorb the beam 
of ravs, and the resulting shadow irdl not )ye dense nor ®harplv definoil 
rurthcrmorc on account of the concavity or convexity of tiie walls of the 
••oc ket, thetotal w idth of the projcctcfl shadow will bo greater and consequeiitli 
Ic'-s siiarply defined This explains what is often a cause of concern to manv 
interested in dental ruliography, and it can lie taken as an oiample of the 
necessity to keep the simple facts of shadow iiroduction constantly before one 

The Alveolus whnli Mirrounds the teeth and acts a-» tlieir support may 
pievcnt n v arietv of radiographic appearances (Fig>» ”>12-534) In general thev 
t 111 lx descnljcd ns resembling » network pattern, iisiiallv more iloseh Kt m 
the inaxilh than m tlie mandible 

In iht: vtaxtlln there I'* a normal variation m different mdiv iduaNftom a moie 
or Ic'-s gramtlcr ajipcaiance (fig 15-1) to ,i fine network (Hg .113) but the 
jwttcm is the ‘•anie tlirouchout m any one person In the mamhble there 
Is a wider variation extending from a few irregularly ph ced intersecting 
tnlxculaj m the infant through a gradation of w ide, less, w ide and small mesh 



(84 


THE TEETH AND J^WS 


network in the adult (Figs So"* and 5 oj) Tlie granular appearance sometime 
seen m the ma\illa is not encountered in the mandible 

It is not uncommon m adults to find no network pattern hut a few trabe 
culm which ma\ be arranged so as to simulate the walls of a cystic cantv 
Such cases maj be operated upon in the lielief that thei are pathologica 
(Figs 006 oo 7 ) Tlie knowledge that such an appearance may be normally 
encountered should make the obserrer lerj cautious of iagno«mg thi 
cond tion as cystic or pathological m the ab-^enee of clmical evidence 

In the mandible tlie network appearance is freriuently everywhere present 
except beneath the roots of the molars and premolars tl ere being no stnictim 
other than the inferior dental canal betw een these teeth and the inferior bordei 
of the mandible (Figs jo6 and 564) 

This absence of structure is also a common source of difficulty e<peeiaUi il 
associated with clinical evidence of some abnorraalitr The cond t on ha 
been diagnosed as neoplasm necrosis and csst and some cases have 
been subjected to surgery In quite a number of persons tl e network i» con 
t nuous througl gut the whole extent of the mandible with verj httle variation 
In the molar and premolar regions the alreohis between the teeth forms fiat 
tables known as interdental tables and situated at the level of the necks of the 
teeth ^ erj rnrelv the surface of the table is corticated and this is revealed a. 
a thm dense w lute line at tl e margin of the bone It is much more common 
howerrer for the surface of the aUeolus to be clearl} defined but snth 00 
evidence of a cortex and this must be regarded as tl e rad ographic normal 
The interdental table makes a sharpl> defined angle wnth the lamina dura 
(Fig o52) 

In tl e intjsor region where the teeth are less bulbous the alveolus forms 
srmes more or le«s sharp depending upon the clo«eness mth ' hieh the tcetl 
are set 

In the lower inci«or region sometimes quite sharp points are pre«ent pro 
duced bj the approximation of the laminse durse of adjacent teeth wh cb are 
veri close to one another 


THE MANDIBLE 

The Inferior Border of the mandible lias a thick cortex wl ich casts a homo 
^.cneoi s light shadow like a band bordering the bone about one-eighth^ me 


wide It is usuallj absent beh nd and commences just m front ° ^ 

irregular portion of the inferior surface of the angle — that is m front o 
insertion of the masseter becoming thinned out and lost in the incisor regio 

, At It 

The Inferior Dental Canal max be very cleaxU or only faintlv seen 
clearest it is revealed as two CTescoitic wlute luies concave npwu 
slightly fonvards winch commence m the upper portion of the 
ramus as a dark area over whidi the lingula ma% orniay not be shown 
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forward beneatli the roots of the molars and preniolars, it xisualiy ends at the 
mental foramen, but occasionally the canal is seen to contmue fonrard beneath 
the canine, in which case there is a small projection of the canal upwards 
beixcath the preraolars and ending in the mental foramen (Fig. 5G4). This 
ftpixearance is sometimes a cause of concern to the uninitiated. 

Tho sljadow of the inferior dental canal may be superimposed over the 
apices of the last two molars, su^esting tliat the roots may Iw in the canal, 
but tiie continuity of the structure indicates that the tooth is outside. 

In the presence of supermiposition of the molar roots and canal it is 
‘vometimes oliscrved tliat the ^lerioilontal membranes seen tlirough the 
canal lappear to be thichened. This is a i)ro)ection effect and must be kept 
m mind. . 

The Mental Foramen js not always seen, but it may very clearly revealed 
fis a rlark, well-dermed 
more or less circular area 
situated below and usu- 
ally between the roots of 
the two prcmolars (Fig. 
ri04) Quite often it is 
represented by a small 
darkarca not very clcarl} 
demonstrated. The 
shadow IS nccaaionally 
superimposed over the 
nix'x of one of the pre- 
molars, usually the 
second one, and may be 
mistaken for apical in- 
lection The differentiation is made by the inrscnce of an intact lamina 
dura m tho absence of disease. 

The Internal and External Oblique Ridges may be superimposed over one 
another or their shadows may be cast separately Tliey appear as dense white 
tines, the external one being usually more antenorly placeil, and both pass 
downwards and forwanls, covering the ccmtal jiortion of the third molar aud 
gradually merging imperceptibly with the body of tho one (Fig. 5G4). f 

The Cenlo-hyoid Tubercle is nearly alwayi, Ssecn m a radiogram as a small 
round white opacity with a central darksjxit. It is situated in the midline of 
the mandible well below the }ncL«or teeth (Fig. 501) 

The Coronoid and Condylar Processes are also shown in appropriate 
nidiograms. 

Tlierc is sometimes an apiicarancc in the sigmoid notch w lucii may lie mis- 
taken for a pathological condition. It is a dark area situatcil in or near the 
most i-oncave jiortion of the notch, and is due to a small fo«sa or recess which 
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occui’s anatoraicallj in some mdinduals It has no clinical significance eTcejt 
that It lias been mistaken for a pathological lesion 

Tliere are otJier appearances which are fiomctinies fonnd m radiograms of 
the lower mcisor region and which ate due to anatomical cau^s but maa W 
nii‘-taken for pathological conditions 

One of these is the presence of dark luies commencing m the aheoius be 
tu een the incisorfi and le^s commonly the premolar^ and running down parallel 
with the teeth towards the body of the jaw where thej gradually terminate 
The other appearance is due to a marked concavitj w hich is sometime* 
found m the anterior surface of the alveolim and hodv of the mmdible m the 
mci'or region which on account of the lessened densitj of bone results 
m a dark area m the ndiogram which may be mistaken for an ii^a of 
bone larefaction 

Otlier structures which must be noted in a description of A raj apjiearance* 
of the mandible are the stylo-mandibular ligament, which occasionalh ossfie* 
and the hyoid bone which is frequently snjaenmpooed on the mandible in 
■txtra oral radiograms 


THE MAXILLA 

The Inter-maxillary Suture appears as a dark line *>eparatuig the tim 
masillaj (Fig 502) Its position is absolutely central and this together mtli 
the fact that tliere is a thm cortett to each of its bony borders renders tl e 
differentiation from s fracture easy It is said to commence to fuse from 
Ijehmd forw ards about the age of 42 

The Anterior Palatine Foramen is a dark area situated m the premaxilla witli 
those portions on each side of the nndhnc almost sNionietncal It mar 
ajijiear well abo\e tUe toots of the mcisors between them or at the apices of 
the«e teeth In the latter position difficulty mar be expenenced m ascertain 
mg that there is no patlioJogical condition present (Fig 5o8) 

The Incisive Fossae may appear as slightly dark areas situated over t le 
lateral mcisor regions and may be mistaken for bona disea'=e Tbeab«ence o 

ana bonj absorption as indicated by lossof structure taken m conjunction m ‘ 

the symmetry of the condition usuallv render its recognition easy 

The Nasal Fossx appear ns laige structureless areas eitnated above t e nw 
of the mcisors (Fig 562) 

In children it may appear tliat the roots of the inckors are actua i ^ 
foss'C but this IS due to projection of the shadows and is not 
anatomical relationsliip In adults the foj>sffi are usually well a 
roots of the teeth but confusion may arise in certain cases if the presen 
tlte diadows IS not understood if. two 

The Nasal Septum is revealed as a white line dividmg the sliadowin 

Inlves and the lower border of the fossae IS seen to be lined by u ^ 

■cortex (Fig 562) 
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Sometjmes> the ni^al aptne k seen two «lnte hues coming to a sharp 
jioint m the imdlme ■\bo\e t!ie mci^c teeth 

It is not nncoimnon for a shiclon to be cast b\ the soft tissue of tlie no^-e, 
and for the nasal openings to appear as fcjmmetncal and nell defined darl 
\rea8 Thej ha\e been mistaken for areas of bone rarefaction 

The Maxillary Antrum appears as n dark cavity il*»iui1U extending from the 
fir>t jirenioHr to the third mohr region and having n thm nhite cortical margin 
It has a greit i arieti of shapes and sires anti considenble care has to bo 
iiNcd m some ca«es m differentiating a normal antral shadon from that of a 
Cl »tic cavity (Fig^ oj'J o60) 

It is no means an infrequent occurrence for a normal intnim to be 
opened snrgicalK under the impression that the darl shadniv re\c'ile(l ui a 
ridiogiam is due to some pathological condition fins niistalc is not Iikelv 
to arise if the normal variations arc clearly understood and if the clinical 
idence i& gu en its proper importance 

UsiialH the floor of the antrum i> situated nlM>\ e the roots of the teeth but 
occasionally it is seen to dip douii between the teeth to the alveolar margin 
In edentulous patients the floor of the antrum mav be formed by the alveolar 
border (Fig oCO) It is m such cases that errors of interpretation are Jikelj 
to occur and m the latter type the removal of a small ]uece of root is fraught 
v\ ith the real danger of opening the nntnim 

The antral cavitv sometimes appears to be divided b\ bonv partitions, which 
umv be \ertical curved or spherical and ui the last case it mav be quite 
impossible from radiographic evidence alone to exclude a jiithologicnl londi 
tioii (Figb oj 9 SCO) Tliere nro al«o present in tlie antral sliadous thin dark 
groores which are produced bv the vevsels and nerves vrhich pass over the walls 
of the smtib (Tig jGO) The roots of the teeth may appear to project into the 
antral cavntv hut it can lie taken as certain tliat tins does not occur m a normal 
ca e The amount of bone separating a root from tiie nntnim may !« verv 
thin but it Lb alwavs present in the absence of disease or trauma this fact is 
dearly proved bv the presence of the lamina dura w hichmduatcs the presence 
of a complete bonv covermg to the tooth root 

On account ot the ancle at which the X ray must strike the antrum and 
teeth in order to produce a satisfactorv radiogram there are many films which 
■suggest that tlie roots and the anirum are very closeU related whereab 
anatomicallv tlus may not be the case 

The Malar Bone is very frequentiv seen m an mtra-oral radiogram of the 
niaviUarv molars In tlio e cn«es m which the palate is flat or the checi 
prominent and low the shadow will be most obv lous and rao&t hkely to ob->eure 
the roots of the teeth In manv ca«!es it is not jiovsible to avoid the super 
unpo«ition of the shadow s of the malar bone over the roots of the molar teeth 
and as a result the diagnostic value of the radiogram is reduced 

On aecoimt of the shajie of the malar bone and the projection of the antral 
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ea\it} into it there is a vthite sharpK curved appearance produced m a radio 
gram bj that jiortion of it cvhich ison continuitj itli the maxilla, v, hereas the 
zjgomatic portion appears as a mote or le^ e\en opacit\ of variable density 
The zygomatico malar suture may appear m an extra -oral radiogram of ti e 
maxilla and may simulate a fracture 

The Coronoid Process of the mandible if> sometimes seen in an intra-oral 
radiogram of the maxillary molar region and may be mistaken for a tooth 
but the absence of tooth structure and the lesser density of the coronoid 
process, together n ith its position make the observer suspicious and confitnn 
tioii may be obtamed by repeating the radiogram u ith the mouth ivideh oi>en 
nhen the shadon of the coronoid process mil disappear 

The Hamular Process of the pterygoid bone occasionalh apjiears m extra 
oral radiograms taken suflicientlv far back In occlusal vieirs of the masilla 
there is a round dark area seen m the molar region which is commonly mfer 
preted as liemg the jiostenor palatine foramen hut it is realh a ‘shadow <f 
flic infra orbital foramen 


VARIATIONS OF ROOTS 

\ ariations m the numlier of roots occur and can usually l>e recognted m a 
radiogram but there are occasions in which additional apices do not appear 
and cannot lie seen even v, hen known to be present 
The third molar is the tooth usuallx affected 

Roots which bend sharply backwards are not mfrequenth found and tie 
state of affairs can be seen m a radiogram W hen the bend is m the buccal 
or lingual direction the presence of a small white nng of lamina dura around a 
daik one of penodontal membrane enclosing a slightlv denser area of tooth 
substance situated at the apex indicates tliat the root is bent It t> not 
jiossible to ascertain whether the deflection is a buccal or Imgual one 

THE TEETH AND JAWS IN CHILDREN 
There are certain differences m the appearances of normal jaws of children 
a>j compared with tho>e of the adult 

The structure of the bone is very much less marl ed and m jlace ofa net^ 
like appearance there may be a few irregularly placed trabecula? rntersectm 
one another at xt-ide intervals In other eases there is no structure to be «ccn 
m the lx)d\ of the bone of the mandible excejit at the infenor border In t ^ 
maxilla the greater part of the alveolus is occupied by the uneruptc tec * 
which obscure the bone structure , 

The unerupted teeth m their crypts are situated beneath the eci iw ^ 
teeth or in the case of the molars m the bone bebmd them and the ep * ^ 
which they are situated depends upon the age of the patient and tl^ 
of the time for eruption The crypts themselves are sharply define «p 
dark areas with well marked cortical linings represented by t in 
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tcmipted {Fjg^ 

oG5-)fi6) 

The partnlK formetl 
teeth are situated inside 
their crypts and are sepai 
ated from the walls hj a 
small space 

The crvpts of the dc 
velopmg teeth maa l>e 
present, but with no cvi 
ilencc of tooth substance 
inside \s the procc'ss of 
eruption conunenees the 
alaeolar aspect of tlie crvpt 
becomes al^orlied in 
rt idmess for the emergence 
of the tooth Anj loss of 
contmmtv of the cortex 
lining the crjpt other 
than that which occurs m 
preparation for eruption is 
likeK to lx? due to mfec 
tion Other apjxMrauccs 
are xinular in adult and 
child 1 he apices of toetli 
which hue not finished 
their jrow-th haiT chnrac 
ten>tic appearances the 
apical end of tiie root 
< inal IS open and fimnel 
shaped so that it is the 
widest part of the canal 
iFi" o03) Thu. is in con 
tridistmetion to tlie apex 
of a tooth winch has com 
pleted its growih and 
later become absorbed 
when the pulp canal is 
narrowest at the apical end 

Tlie hmma dura cx 
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tend-s to the extreme end of the portion of the root which luas formed, and even 
the smallest dejiarture from this is usually indicatiao of aseptic conditicn at 
the apex 
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CHAPTER LII 


U\ERUPTLD AND SUPERW\IFRAR\ TEFTH 

Alucn USEFUL information maj be obtained in tbe diagnosin of the presence of 
unerupted teeth and m their locabsation bj means of careful radiographic study 

In orthodontic uork especially the X rays must be constantly u«ed both 
"IS a means of ascertaming the cause of iiregulantj resulting from unenipted 
teeth and m estimating progress 

Apart from the recognition of luienipted teeth their position can be ascer 
tamed by carefulU made radiograms taken m two or more planes and in 
those cases m which the tooth, is completely buned occlusal neus'are very 
\ 'iluable m order to reveal its relation to the dental arch {Fig oCS) It is in 
advisable to attempt tlie remoial of completely buried teeth uitli only one 
radiogram taken in one plane and it may be regarded as generally true that 
■where it is possible for an intra^oral radiogram to be obtamed it is more 
informative than aaextra oral one Stereoscopic snews are valuable m certaui 
cases but are not eo valuable as radiograms taken m several planes 

Hating obtained radiograms with the minimum amount of distortion 
these are studied m order to ascertain the presence of the tooth its po^tUon 
Its relation to other teeth and structures such as the inferior dental canal and 
maxillary antniin ihe number direction and shape of the roots the presence 
of any pathological condition or other abnormality There are certain parts of 
the jaws wluch ar© more commonly tl e site of unerupted teetl and thev will 
be considered “cparatelv 

The upper mei.sor region is tbe eommonest site of unerupted supernumerary 
teeth winch may or mas not be causmg delay ed eruption of the permanent 
teeth or displacement of erupted ones Supernumerary teeth may be single 
or multiple and are occasionally encountered m an mverted position (^? 
569) 'When single they are usually found m the midlme of the maxilla irt 
when multiple they occur on each side of the midlme and usually behm 
the permanent teeth In those cases in whicli there are unerupted permanen 
and supernumerary teeth it is sometimes very difficult to unravel the group 
of shadows The supernumerary teeth are usually recognued by tbe ac 
that their crowns present an irregular appearance but there are a few cas« 
in which it Ls impossible on radiographic evidence alone to decide tbe 
state of affairs The upper lateral incisors are frequentlv ab«ent an 
fact has to be ascertamed m many cases before treatment can be 
When they are present it i** not difficult to recognise them ® 
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Fio. 505. — Inverted super- 
numerary tootii. 


Kic. 510 , — ^Unenipied 
lower teeth. 


Fia. 571.— Geminated 
upper mci«or. 


erupt tiormally. Tltis tooth ims frequently n forward inclination of t!ie 
crotvn which suggests that it will be displaced, but witJi tlie natural changes 
which occur during growth of the bone the tooth erentually assumes its normal 
jjositioii. Tljere is a tendency for the unexperienced observer to be misled 
into thinking that canines and premolara in a normal child are crowded/but it 
must be remembered tlmt the growth'Of the bone results in normal eruption in' 
most cases. 
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The canine is very frequently displaced (Figs 5G7and 570)cithei sliglitl> or 
grossly and the lateral incisor may be rotated or tilted by pressure on its root 
bv such a tooth this can onlj be accurately decided by radiograms obtained 
from different positions T1 e canmes may be situated obliquely or Lon 
zontally and come into close relationship coronallj u ith the posterior aspects of 
the central mcisors In other patients tl e tooth is situated across the dental 
arch so that one end of it presents towards the buccal sulcus and the other 
m the palate This positio i should be recognised before any operative 
mterference is commenced b cause it may lead to considerable difficulty m 
extraction w ith injury to other teeth The upper canme may occupy positions 
otlie” than those recognised the same pomts arise in all of them 

Occasionally it is found to be situated immediately below and m very do e 
contact ivith the antral or nasal cavities 

Notwithstandmg the most careful indiographic study cases will be 
encountered m whicli the evidence afforded has been somewhat mislead ng 
In edentulous cases the unerupted canine is not infrequently encountered long 
after all the other teeth have ^cn removed and may be found to be as«ocnted 
with bone destruction around its crown 


In all unerupted teeth especially where sepsis is present there h ft 
tendency for absorption to occur which does not resemble the appearance of 
canes and which may be so extreme as to render the recognition of tie 
tooth very difficult 

The upper preraolars develop in a manner which suggests that crowning i 
p^sent with the second premohr above the first one This condition mai 
persist 80 that the tooth remains high up or is displaced to tiie buccal (i 
palatal side of the dental arch The upper first and second molars are not 
commonly misplaced or unerupfed but either may be preaented from erupting 
by impaction The upper third molar is frequently imerupted with or i itli 
out impaction and it is commonly found with the crown facing backwards 
occasionally the tooth is inverted so that the apex presents on the alveolar 
border 

In the mandible it is mucli less common to find supernumerary teetl an 
when they do occur it is usually m the premolar region The mcisors are some 
times absent but the canines are not nearly so fiequentlv found to be s 
placed as the upper ones Tlie premolars are sometimes absent and t e 
second one is found to he the one most commonly unerupted m adults ft 
such cases the tooth may be impacted between the adjacent teeth or comp c e ' 
displaced from the arch The lower third molar is very often the came 
of symptoms demanding its removal on account of displacement rom 
normal position In any case where an unerupted third molar is 
carefully prepared radiograms ate needed in order to furnish the mos 
pletc mformation so that the operation for its removal may be aci i 
Intra oral radiograms offer the greatest evidence and more accuracy ou 
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are not iln aj s obtamaWe The e’dra oral 
film should onlj be wd nhen it la im 

nossible to obtain mtri oral ones 

Tlie rajs must be directed m such a traj 
that thej pass between the crmvns ot Ae 
first and second molars so as to define 
clearly the contact points mthont super 
„n,iosition This is one of 

the correctly posed radiogram ^heMcond 

criterion is that the buccal and lingual 
cusps mmit be accurately ™Pcnn.^ 

nid.catmgthattherajshavcpas.sedtliroi.gli 

the plane of the occhisal surface 

If the above details are given then- full 
significance there iviU be no m.sreprasenta 

lira of the true state of affairs and rt uall te 

IMssible to estimate the degree of impaction 
of the imenipted third molar the amount ^ 
bone over the tooth and the present 
of erosion of the 

the second molar (Figs 572 Other 




Fio 67‘»-674—Uneniptel impacted 
lower th rd molars 


Fi j 75 — Vnen pledlowerth rdinoter 
g t lated across the arch 



Fio 670 — Occlusal V-- 

erupted tl ml molar 


mation 
nbich 1*5 
itougbt 
18 tbe 

condi „ , , X 

tion of the tooth itstlf anti of the adjacent 
teeth the number position and sliape of 
the roots of the unerupted tooth tho 
iirescnce of wj space beneath or beside 
the crown wluch miy bo of \ 'iltic xn reraov 
mg the tooth the relation of other struc 
turcs such as the inferior dental canal 
the ohhque ridges the ascending ramus 
and also the jirescnce of nnj pathological 
condition in relation to the tooth In 
vertical impaction there is frequently a 
Xiockct in the bone behmd the crown 
which may be of considerable importance 
in the treatment of the tooth In those 
cases m uliich the tooth is completely 
buried a radiogram should be taken in 
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the occlusal plane to reveal any deviation of the tooth tonard the inner 
or, more rarely, the outer side of the dental arch (Fig 676) 

Supplemental Teeth are most commonly found in the upper lateral uici or 
region, and they appear as extra teeth almost identical m shape and size 
with their fellows Supplemental teeth are occasionally found m the loner 
premolar region and more rarely in the molar area 

Dilacerated Teeth are usually found m the incisor region and are readiir 
recognised as such m a radiogram 

Geminated Teeth are usually identified radiographicallj (Fig 571), but there 
are some cases in which it may not be possible to decide whether the teeth 
are really fused 


CHAPTER Mil 


INPLAJDIATORY DISEASES Oi THE PERIODONTAL ilEJIBRANE AND 
AL\EOLUS 

PERIODONTAL DISEASE (PYORRHtEA, PARADONTAL DISEASE) 
Ini 1 ‘aTrioi.OGi of tlie a}x»e condition is ‘imd to be that of a progre-^sn e mar 
gmal gmgiMtis a'S'^ocnted -with rarefying o»teitm resulting in alveolar ob^sorp 
tion, and it is stated that the rate of progress of the disease is closelj related to 
tJie density of the hone and the functional activity of the teeth 
Radiograpluc appearances appear to support these statements 
All cases m whicli there is alveolar absorption must not be considered to be 
abnormal hecauisc as the age of the subject increa'ses there is a tendency for the 
alveolar margin to recede In a radiogram of the normal subject the surface 
of the alveolar border is fiat betireentho molars and premolars and more orlcs^ 
pointed between the anterior teeth depending upon the closeness with wrluch 
the teeth are set 

The surface of the ahoolar bone is sometimes corticated but this is an 
uifrequent finding and it is fir more common to see no evidence of a cortex but 
the density of the boue the same throughout 

In the alisence of any demonstrable disease the periodontal membrane at 
the cerv ical nnrgm may appear to be thichened, and this must be regarded as 
a normal variation In other regions the periodontal membrane is of equal 
thicknc'^ Tlie changes winch are seen dcj>end upon the virulence of the 
mfection and the length of time dunng which U has Ijeeii active, and also upon 
the resistance and age of the subject 

There are numerous different appearances revealed which have not equal 
significance in every ca'se, so that it is necessary that every aspect must be 
studied m arriving at a definite conclusion (Figs 677-5S4) In exammmg a 
radiogram, the first thing that is •studied is the position of the alveolar border 
lelfilive to the root of the teeth 

In periodontal disea‘se there is a destruction of the alveolar bonier, resultmg 
m the rccc^ision of the alveolar margin towards the tooth apex The fact that 
there occurs a non pathological recession of the alveolar border in elderlv 
people must always bo considered and ei>timated m attemptmg to arrive at a 
correct appraisal of the tnie state of afiairs This offers considerable difficulty 
in some cases Wicreas m earlv ca«^s8 of periodontal disease the level of the 
alveolus may have receded but slightly, in advanced conditions the whole of 
the tooth roots arc completely denuded of bone Marked alveolar nb«Qrption 
cos 
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Fia 580— A1 eolar absotpt on Fic 581— Ahanced al eoLir Fio 58 —Pocket 
thmarke Jmarg nalrarefaet on ab orpt on w th health; bony format on 



format on format on local «: 1 to t on extending below the root 

one tooth } furoat on 

m a joung subject is of more importance than a similar amount on an older 
person whereas an extensive amount of recession is liLely to be a serious 
find ng in anj individual 

It IS apparent therefore that there are encountered many cases in which 

tl e alveolar absorption is such that an accurate estimate ofits significance is not 

possible except bj careful clmical consideration 

The level of the alveolus tends m some cases to remam flat while in otl ers 
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the bone js more marl cclly destroyed iminedntelr adjacent to the tooth thu's 
re-mUmg m poehct formation 

Pocket formation is more senows than aheoHr absorption of the liorizontal 
tvpe The al^orption is sometimes seen to affect the buccal or hiigual aspect 
only or more seterely and unless earefnl stud} is made this maj be overlooked 
It IS recognised in the radiograms by tlie presence of a line of different density 
pissing across the roots at a Ion er lei el than the major portion of the ilveoliis 
It is important both on account of the fact tliat it zniy he easili overlooked 
and also because it nn} result m the formation of foci of infection The 
Imne between the bifurcation of roots is frequentl} completely destroyed 
in alveolar disease and when it is marked the condition is obvious In very 
early stages however the root bifurcation may be slightly involved and tins is 
recognised b} the presence of a small dark area of bone rarefaction it the 
extreme apex of the aheolar septum (Fig 585) Such areas of rarefaction 
hidden beneath the gum are possible foci of infection and on accoimt of their 
{>osition and the slight amount of evidence which they reveal thej are of con 
sideroble importance It has been noted that tlie inter dental table (that is the 
surface of the ah coins bettreen adjacent teetli) forms a clear!} defined angle 
with the lamina dnra and tins is a state of affairs which may^ still be present 
with any degree of alveolar absorption 

Tn other cases this angle is commool} seen to be destroyed so that a pocket 
i') found at the neck of the tooth The presence of such a condition is less 
fill Durable than is the case when the angle is maintained 

There is anotlier very important manifestation to be considered and tint is 
the presence or absence of rarefaction of the alveolus In some ca«BS the 
alseolns ivlule it is obnousl} absorbed doesnot reveal any change in the den 
sity of tlie l>one (Figs 077-579) but m other individuals tliere is rarefaction 
mvolvmg the alveolus to a greater or lesser extent Rarefaction is eliowm by 
the presence of a darker shadow m the mdiognni and it is seen to be duo 
to osteoclasis of bonj tralieculae with loss of contmuity of some of these 
structures (Tig o80) The bone spaced on the surface of the alveolus ina\ bo 
ojien superficial!} 

Rarefaction of the bone indicates the jirescnee of a more important state of 
affairs and the greater the depth of bone winch is involved the more senoiis 
IS the infection and good is the reactioti considered to be Tlie presence of 
shglit aheolar absorption with rarefaction is more serious than a greater 
amoimt of absorption with no rarefaction 

On the other hand , cases w ith anj degree of alveolar absorption una«sociated 
w itli loss of tlie angle of the inter dental table and lamina dura, and presentmg 
a clear!} defined dense surface, are probablv tlie result of non patliological 
absorption or of Iiealed periodontal disease (Fig 577) Tlie condition of 
the i>eriodontnl membrane as rcacaled bj it** tlnckness (width) must be con 
sidered "Manj cases of jienodonta! disease do not reveal an} evidence of 
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change m the ^\ldth of the membrane and tins is usually regarded as being a 
fa\onrable indication but there are encountered other cases in -nhich there is 
thickening of the membrane as a whole or of that part immediatelj adjacent 
to the alveolar siuface The degree of imolvement of the membrane is usually 
regarded as bemg one indication of tl e 8eiio«'«ness of the disease The level 
of the gum margin is imperfectly revealed m a radiogram but it must be 
considered because it is of importance in estiinatmg the presence of foci 
of infection For mstanee a patient presentmg marked aUeolar absorpt on 
ii ith little or no recession of the gum is considered to be in a less favourable 
condition than one in which the gum has maintained a normal position relative 
to the alveolus The reason for this is that the space which exists between 
the gum and the bone in tlie former ease offers an excellent place for bacteria to 
multiply and produce their toxins In patients with marked pocket formation 
the gura stands above the level of the highest portion of alveolus and con«e 
quentlj spaces are formed offering a splendid harbour for bacteria 

FrorQ the above it wall be seen that the consideration of penodontal diseaM? 
IS not complete when based on radiographic evidence alone The condition 
revealed on clmical examination taken m association with tie radiograplic 
evidence the age and the health of the patient must all be considered but 
notwithstandmg this it is very common for radiologists to be asked to recom 
mend treatment on their evidence alone 

APICAL INFECTION 

Apical infection may result in changes in the root or m the bone surroundiug 
the root or in both of the structures at the same time Bony changes are of 
an mflammatory nature and result in rarefaction or sclerosis or a combination 
of eacli Rarefymg osteitis is the term given to those conditions which hare 
been named chronic abscess pen apical necrosis apical granuloma 
and alveolar abscess Rarefying osteitis may be acute or chronic 

Acute Rarefying Osteitis — ^In acute infections there may be no radiograp c 
evidence of abnormality even m the presence of marked chmcal manifestations 
This applies to all acute bone mfections and as many as ten day s may e aj e 
after the mceplion of the disease Toefoie tbeie are auffieient changes in c 
bone to become recognisable m the radiogram , 

It is not possible to state definitely how long it w ill take for osteit^ to reve 
itself m any individual case In those cases m which a cliromc infection 
become acute the appearances are usually those of the chronic con 
least m the early stages In scute alveolar abscess or acute raretymg o ^ 
tlie earliest changes are those of rarefaction of the bone at the apex o 
affected tooth associated with a breach m the continuity of the 
and perhaps thickenmg of the penodontal membrane at the ajiex c 
faction reveals itself as a dark area 
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l^ntor the tmbcculT nift\ be complctch tic Iroted in the nfrccted nrc"! niid 
llic mljncciit cd;.cs of lionc liccomc rarcfittl and irregular 

AF«ocmtc<l mth this tlitro is tltfimtc destruction of some pari of the 
aj 3cal|)oniDnof the lamina dura In Ihcab^nceof tlie latter it is not pcKtiblo 
todngno>i<. ruliopraphiciUi the j>rt«enreorapicolostcili.‘i acute or chronic , 
anil this ISO [xunt of tblTinijtntion from other conditions nhich do not mtolie 
the ffXJfh oter nliich the unusual alndon m pnijcrtrd In all eases of ostcitts 
which nil l»e rceogni-ed m a nuUogmm there is a 1 reach m the continuit\ of 
the hmma diim if the tooth w inrohed in the tl «caMr procc^ and with vcr\ 
mrc efcecptinns the afiected tooth is n dead one 
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In acute apical infection the disease niay spread to involTe adjacent teeth 
and IV here there is doubt as to •whether this has occurred the involvement of 
the lamina dura as revealed by a breach in its contmuity is the deciding factor 
Chronic Rarefying Osteitis —Chronic rarefymg osteitis may simulate the 
appearance of the acute condition but m the former tlie areas of bone 
destruction tend to be more clearly defined It may however not be possible 
to differentiate the two types on radiographic evndence alone 

There is considerable variation m the degree of bony mvohement ranging 
from small localised areas to large diffuse ones (Figs 58C-593) Areas of line 
destruction of anj size may show a sharp well defined border of demarcation 
(Figs 586 587) or they may be diffuse and very mdistmctly delimited from 
the surrounding bone (Fig 588) In all cases m which there is definite bone 
destruction it is revealed m a radiogram as a dark area at the apev of a tooth 
or teeth which indicates the extent over which the bone has been destroyed 
In some cases the area of bone mvolvement is surrounded bv a thm while 


bony cortex (Fig 589) m others the diseased area merges imperceptibly 
with the adjacent bone It used to be taught that the di&ise ill-defined 
areas were due to granuloma and the clearly defined corticated type was 
associated with so called chronic abscess but it is now known that it is not 
possible to differentiate the two conditions on radiographic evidence It is 
generally accepted that all types are mfcctive and that the presence of a cortex 
does not mdicate stenbty that the diffuse localised and corticated types 
may all contain organisms of a virulent nature and all that can be inferred 
from the various appearances is that the reaction on the part of the patient i? 
more marked m localised area* than m diffuse ones The accuracy of this new 


has been clearly established by bactenological evidence In diffuse rarefying 
osteitisadjacent teeth maybe involved by direct spread (Fig 58^) batAisTiCt 
unusual for an area of bone destruction to appear to mvol've the next tootii 
when this is not really tlie case Study of the radiograms will show tb? 
lamina dura of the suspected tooth to be intact and the tootn therefore 


to be immvolved 

There are occasions when doubt exists as to whether a dark area at t e 


apex is due to bone destruction or to supenmposition of a foramen and it ina' 
be necessary to resort to tests of vitality m order to decide the pomt 

It can be accepted that except m very rare mstances the presence of ne 
destruction at the apex of the tooth and involving the tooth imphes that 
tooth IS dead In those cases in which the bone rarefaction is not we 


marked the presence of abnormahty may be o'verlooked unless great care 
taken m the cxammation of the radiogram especially of the lamina ^ 
very small dark area over the root apex which on clcr«e 
&een to be due to si ght destruction of the bony trabeculm and associa ^ 
a breach of continuity m the lamina dura is all the evidence c^^^ 
revealed m many cases of apical infection In some positions w ere 
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js nnrnnflv found an anatominl CTca\n<ion of llio bone, such os (he mcjsive 
fos-sn; tlic mistake of regarding sutli an appearance as osteitis is avoided by 
noting that the corto\ of the tooth socket is quite intact 

In certain situations the recognition of the presence of apical osteitis i® 
rendered more difTitult such lieing anatomical proximilt of the apices 
of certain teeth to the floor of the onlnini and the gu|)cnmi>08ition 
of tJjo antnil slindou oaer the roots of the molar teeth In these cases in 
« hiclt the roots of the teeth are situated immediately beneath or rer} close to 
the antral floor there is icrt hltlc hone at the apev to be dc 8 troja?cI so tliat the 
osteitis causes the floor of tlic antrum to become absorlicd o\cr the involved 
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areas and the tooth root maj 1 »c m direct relation v\ith the antral cavitj 
Ihis 18 a rare event andnsunllv thenntral cavat) is leejit intact b> the action 
of the osloogcnic Uver of the mucoponosteiim lining the cavitv, wluch lays 
down new Ikuio over the infected nre» In a radiogram of such a cfmditmn ihi 
tooili ajKj: IS seen to l>e demided of lx>ne, and the resulting dark space sur- 
moimtt'd b} a thin Javer of Wnt wlmh m appearance somewluit resembles a 
* halo ’ and which is continuous at the sides of the root with the Janjrna elura 
(Fig 5 'kj) Tins op|*taran«! i® teen at the apices of the prcmolars and 
buccal HKits of (he molars Tlic fact that the large dark space of the antrum 
IS immeshatclv ad] iccnl to the roots of these teeth sometmies tends to cau>e 
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these appearances to be OTeriooked Inasinularmarmerthepalatalrootsofthe 

upper molars are often seen through a dark antral cavity so that any small 
areas of infection at the ap ces of thc^ roots are more likely to he overlooked 
and as there are normal variations m the density of the shadoiv cast by a nor 
mal antrum this likelihood is accentuated when such variations aresuper 
imposed over a tooth apex (Fig 59o) 

T1 e diagnostic point is the presence or absence of contmmtv of the lamina 
dura The smallest cliange mdicative of apical osteitis is seen to be a thicken 
mg of the penodontal membrane localised to the apex only for m order for the. 
to occvir there must be absorption either of the tooth or bone (Figs j96-o9 ) 
\\hen It is the bone which is absorbed the lamma dura will be seen to le 


thm but probably not completely destroyed over the mvolved area and thL 
mdicates the presence of osteitis Further evidence of the presence of infection 
may be the association of sclerosing osteitis outside the thickened apical perio 
dental membrane (Fig 698) There is one condition which may be confused 
luth this appearance — the normal one seen when roots of a lower molar tooth 
are superimposed over the shadow of the inferior dental canal By an effect 
of projection the periodontal membrane appears to be thickened at the ap ces in 
such cases but it is not a patholc^cal condition 

All the types described so far have been at the apices of the teeth but there 
aie occasions m which bone destruction is seen at the sides of the root In 
muny of such cases there is a perforat on of the root by instrumentation but 
there are some m which there has been no treatment and the probable 
explanation is that the mfection has commenced at one of the arborisations of 
tl e pulp canal instead of at the extreme apical foramen 

Occasionally there will be seen to be obvious osteitis present with a verr 
much less distinct lamina dura m the involved area The explanation of thi 
IS that the disease process is situated m such a position that only one segment of 
the root is mvolved and the lamina dura is seen m profile through the rarefied 


area (Fig 593) 

Sclerosing Osteitis — Sclerosing osteitLs is encountered m a vanetv of 
different conditions Its most common occurrence la at the margins of an area 
of bone destruction at the tooth apex where it mav be seen as a thm 
formmg a cortex or as a more diffuse condensation with no sharp line of oe 
marcation from the healthy smroundmg bone (Fig 599) It is frequent y 
found at the apices of teeth without any bone destruction where it ma' 
slight m extent and not very dense or it may extend considerably airav 


from the tooth roots (F^ o99-600) 

The types described above are due to infection of the bone and repre'cn » 
reaction to infection Ftsh has demonstrated by means of his lusto ogiM 
sections of post mortem specimens tl^t these areas are quite denni e 
fected Oecasionalh there are revealed m radiograms dense areas o 
sclerosis situated some distance from the teeth not obviously related to 
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Mid Mith T»o evidence of nm onil sep^w to aocotiiit for their ]ire'ence Ijirli 
MTitcrnmnied ^iichnroas i\ lien small boMxchorU Init offered no c'cidaiintuni 
of their oripin Nothing nppeiw to hate Iwn added to onr knou ledge of 
till'' tv^ic of bone mtoUement and it h custonnrt to repnrtl the condition as 
non imthologieal 

looth sockets sometimes heal and fill Miih dense sclero cd bone vhich is 
onlj diffircntiated from a tooth root h\ the nliseiicc of spaces for i>enodontal 
memhmnc and root canal 

\\hilc these criteria iisimlK ^cne todi<«tiiigiusU tlie two tliere areoccnsion« 
when the presence of setcrosinp osteitis aronml the socket which contnias the 
root renders the dincrcntmtioii impossible Irom the clinical point of view 
«clorosmg osteitis due to fe]isis is reganled as a |>ossihle fotiis of mfettion and 
meisures arc sometimes taken to excise the in\ohc<I area It ap|icarh to bt 
iLsual Iiowetcr to rcgnrtl the condition ns a localising one and not to intcrftre 
except m cases of neuralgia when this is ihoiight to lie caitstd hj pressure 
on nene endings or on tin. inferior dciitaf nerve m the i-cckct or massii'c 
tx^ics respect iiTlt 

Tlio Ikisscs of Ikjiic which nre«onictimes found on the inner side of the man 
dihle m the prcmolir region and the so called tonts p ilatiiius of the ninsill i do 
not coiUam sclerosed bone and do not therefore usnalh reveal ant endeneo of 
their appeannec in a radiogram Tlio radiogmidiic np|>camnce of sclerosing 
^tcitis IS quite ttpieal for in the | laceoflhe wmiiI pit torn tlie Ixmesfiaces nre 
tilled m w itli new bone firodiicmg a shadow of honiogeni'ous den«it) 

de«onl>es the condition m earlier stages ns showing a cireuJnr 
»j jiearancc of the bone spaces due to a deposition of bone on llicir inner walls 
vJerosing osteitis has to l»e differentiated from a buritd root from protjuctnt 
jK nodontitis and from a solid t\pe of oilontomc Tlio last is mort dense m 
apjicaranco and shows the |iro<5oncc of a ca|»&ulo which separates it from the 
lionc w hcreas in the case of sclerosing osteitis there is ohinous eontmuit j w ith 
the surrounding Ixmc Vn uorj exostosis ma\ not l>e distinguislnble except 
b\ Btcreoscopicmdiograma wlienitwiUbcsccntolieonthesurfnceoftht Iwnc 
Usuall} Its shadow u> denser than tliat of sclerosing osteitLs 

Residual Sepsis — Residual sipsi'i m edentulous areas n ncogniK-d the 
pre‘oncc of a number of radiographic npiteamiwxs (I ig« WJl-COb) 

Ihe term imiilics that infection which was present in the nh*eohH when 
teeth were present has ^icrsisted after their ^emo^nlJ it Ls also used to 
include infection m the tooth Mickets which were not infect cil ]rcMOus 
to extraction 

Radiographicallj the opjKratnnces an xanetl and call for considerable care 
III appraisal I ull consideration of the length of time w Inch has elapsed since 
tho teeth were removed and careful difUrcntiation from tho normal \nnation8 
must lie made 

The following account of the NTinous apjicaranccs which are rcconlwl is 
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given -n ith the full knowledge that the future may jwovide an explanation other 
than that put forward here 

When a tooth is removed the socket becomes filled m with new bone an 1 
the lamina dura is absorbed mth the result that after a varymg period of time 
there is no evidence to show where the socket has been There are cases m 
which manj years after a tooth has been remoted the radiogram reveals what 
appears to be a socket from a recent extraction that is there is no change m 
the thickness and definition of the lamma dura and that there is no new bone 
in the cavity of the socket Such sockets have been encountered sixteen Je^^^ 
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Fic 604 —Residual mfert on Fic 605 —Rest lual mfec Tio 606— Residual infM 
Sockets with new bone resent tion Rarefying ostc t a in tion Marked rarefact on o 
blmg retained roots the ncisor region alt eola^ bone 

after extraction and investigation has shown the presence of 
organisms (Fig 601) From this extreme there are variations m the to ^ 
with which the outlme of the lamma dura persists associated with more or 
new bone formation in the socket so that there maj be revealed traces 
the socket cortex enclosmg a rough caricature of normal bone structure ( r 

602 603) In other types the sockets may be completely obliterate 

bone of a very rarefied type present throughout the affected 
605-606) or the only evidence may be a niarJ edlj irregular alveo 
with or without rarefaction of the underlying bone Any 
of the foregoing appearances may be met with and lead to suspicion 
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pre&ence of residual infection Hiere is anotlwr tvpe m which tho new bone 
laid doim tti the socket'? is found to be verj hard leading to the erro leous ne« 
that roots are present The appearance m such a case is that of persistent 
sockets with fairly well marked lamma dura inside which is a layer of bone not 
tompletely filling the socket but leaving a space m the centre clo«elj simuhtmg 
the appearance of the pulp canal in a root (Fig 604) This causes confusion 
but a tooth root is denser and more homogeneous than the new bone and the 
central space for the canal much narrow er tlian that seen m the other condition 
This type offers difficulties in treatment because of the extreme hanlness 
of bone m the sockets Tlie conditions pist described may occur in all parts of 
the tooth bearing area at the same time or maj be localised to one or more 
areas of which the lower mcisor region is the most common Tlie signifi 
cance of the condition may be local as a cause of pam under a denture or 
occasionally of chronic neuralgia Its general significance is found m tho«:e 
ca'ses in which the affected area is aelmg as a focus of infection In 
ittemptmg to recognise the apiiearances it must be remembered that the 
heahng of a socket nia\ be delated if there has been much mstrumentatiou 
or medication and con<equontlj a liberal margin of time must be allowed to 
account for this If anv of the above appearances are present n ytar after 
tooth extraction the condition is considered to be due to residual «sepsis 

A similar conclusion la formed if radiographic exammations made some 
time aiiart reveal no improvement m the appearances of the bone and «ookets 
even though teeth m u liave been iem6ved considerably less than a >enr and 
if this jsfiiqiportod bv the ^ireseiicc of certam clmical np])carances m the gums 
At all times the nonnal \ anations must be kept in mind in order not to confu'io 
them anth the above rondition« 

DENTAL CARIES 

Dental canes i& usually recognised bj \asunl and instniraental methods 
hut there are mana occasions on which even large cavities are not discovered 
except on radiographic exammation Radiogmphv is med to reveal the pre 
‘jence of small mterstitial canfies which are too small to be found bj other 
iTnjVdxnfir ihn* it nr omajnnTanT Ssr ans'ttvprnn.W exdjiEnvw cirvn.'ix'ir Ar ittr 
found m tl e course of routine radiographic examination 

In cases of ob cure neuralgia the greatest help is «50nietime8 afforded b\ 
radiographic exammations in revealing among t other cau'ses hidden canes 
There are special dental films termed Bite lling film^ which are vera 
helpful ju obtammg radiograms of the crowns of the teeth 

Tlie presence of a carious cavjtj is recognised bj decalcifieationin the enamel 
and dentine revealed m a radiogram as a darl shadow (Figs G07-C09) Can 
must be exercised in gi\Tng opinions as to the involvement or otherwase of the 
pulp chamber ns the two shado^vs may onlj be suiierimpo«ed by projection 
The presence of anatomical depre sioi^ m the sides of the teeth often causes 
XRm — 45 

I*’ 
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mg per odont tu of pletefj formed n t onofthed stalaspeet loma of the pulp 
the second premolar c sor tl de of acisor s mulatmg 

ap al foramen dental canes 

appearances which resemble tl ose of decalcification this is especially not c« 
able in tl e premolar and canine teeth It maj be impossible to differentia c 
bettteen them from the rad ograms alone . , 

Carious cavities whieli occur below tl e gum inargm are also revM e 
radiograms in many cases v 1 ere their presence is quite unsuspected an a 
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may Ikj conipletclv separated from the crown w ithoiit anj clmical manifestation 
Tins applies al <!0 to canes beneath fillings The appearances are similar m 
all cases It fiiust lx; pointed out that cavities cccnrxmg in the buccal or 
lingual aspects of teethmaj not be revealed m a radiogram 

Changes in the Pulp — The size of the palp chambers m the teeth of the 
joiing subject IS larger than m those of older people, and this is due to the 
fact that there takes place a dei>osition of secondary dentme on the avails of 
the pulp chamber This is not a pathological condition but can be regarded 
as a senile one Degenerative changes maj occur m the pulp and result m the 
deposition of lime salts forming small bodies which are termed “ pulp 
nodules ’’ or pulp stones The^ appear as rounded or cvlmdncal opacities 
situated m the pulp chamber or root canal and are more commonly found m 
elderly people (Fig 610) In teeth which have been subjected to injury the 
pulp chamber or root canal niaj become completely obliterated b> the 
deposition of lime salts This is a rare occurrence and is most commonly 
found in anterior teeth 

FUlmg Materials —All filling materials arc ojiaqne to the X rays, the 
nietalbc being more so than gutta percha and silicate ones Almost all the 
materials u<ed os fiUmgs ’ coutam metallic substances and if is for this 
reason that the\ cast a shadow Gutta pcrcha points used m fillmg root 
canals contam metallic salts and are opaque but Eio pure gutta percha 
whichissometimeo used in the treatment of fractures is not at all radio opaque 
Foreign Bodies — The only foreign bodies w Inch are at all commonly 
lound m the jaws are pieces of filluig material root fillings and fragments 
of hj-podcrmic needles “ 

If It IS intended to attempt the removal of a broken hypodermic needle, 
careful radiographic localisation roust be earned out as near the commence 
ment of the oixiration as possible on account of the readmess with which some 
broken needles move ui the soft tissues 

DEAD TEETH 

\ tooth may lx; dead and reveal no ev idence of its death in a radiogram, 
but frequentU there are present npjxinrvnces which definitely mdicate or 
suggest w ith more or less cortamty that the tooth is not vital 

The presence of filling in tlic root canal or pulp chamber is definite evidence 
that the tooth is dead Barefying osteitis at the apev is very strong evudenco 
ofdeathm the very great majonty of ca'ses for it is only very rarely that a tooth 
IS found to Ixs vital and vet reveal an area of bone destruction at its apex 
This does not apph with the ‘«amc force to tho«;e teeth w hicli ate involved in a 
dental cyst, for it is not uncommon for many such teeth to be found vutal 
Tlic presence of a large carious cavity’ which exlenrls to tlie pulx> chamber is 
aUo strong evidence that the tooth is dead but it must be remembered tint the 
two shadows mav only be 8upcnmpo«cd by projection, and not Ixs m actual 
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communication A less certam but distmctly suggestive appearance is thicken 
mg of the periodontal membrane localised to the apex of a tooth an appear 
ance which IS foimd at the apex ofsome infected teeth usually dead hut some 
times live ones 


PRODUCTIVE PERIODONTITIS 
{Syn exostosis and hypercementosis) 

Productive periodontitis may occur alone or m association with apical 
osteitis The condition is one of thickening of the root or roots of teeth and is 
probably due to irritation infective or otherwise 

It has been suggested that m view of the fact that the teeth most corainonlv 
affected are the premolars there may be some degree of occlusal trauma acting 
as an setiological factor It is a striking fact that the upper and lower pre 
molars are very commonly affected m comparatively yoimg subjects m whom 
there is no evidence of oral sepsis and uho may not show similar changes m 
other teeth Some observers believe the condition to he a chronic infective one 
It 15 rare to find the loner mcisors or the upper central mcisors affected 
and this fact suggests that occlusal trauma is not an important factor 
It IS probable that chronic sepsis does play a causative part m some cases 
and the writer takes the view that teeth which are mvolved with productive 
periodontitis m a subject suffering from focal sepsis must he regarded as pos 
sible foci but in healthy subjects such teeth may not be harmful Both living 
and dead teeth are mvolved Radiographically the condition is recognised by 
a tluckenmg of the root such thickening bemg fusiform spherical or of 
irregular shaj e (Figs Gil 612) 

The new tissue may be indistinguishable from the parent tooth but quite 
often it appears to have a dimmished density as compared vnth the tooth root 
The deposition of new tissue takes place entirely beneath the periodontal 
membrane so that this membrane and, the lamina dura ate clearly seen Tins 
differentiates the condition from sclerosmg osteitis which causes a condensi 
tionnutside the periodontal membrane and which obscures it and the lanima 
dura Productive penodontitis may be present but not revealed m a rado 
gram when the deposition has occurred on the buccal or Imgual aspect of t « 
affected tooth In some radiograms of the molar teeth especially the lower 
ones there arc encountered apjiearances which simulate productive 
dontitis but which are due either to rotation of the tooth or to 
positionmg of the X ray tube so that an oblique view is obtained 
fact that the view obtamed is an mcorrect one indicates that care mus 
taken m mterpretation and re examuiation may be necessary , 

Many tecthwhenremovedrevealatraiislucentappearanceoftheroo ® ® 

this is said to be due to mcreased calcification In a radiogram o 
tooth one might expect to see root shadows of mcreased density t no 8 
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eliange is demonstrited and tlie condition cannot be recognised In some eases 
of productive penodontitis the new tissue uhich is laid down ina\ extend front 
one tooth to ln^olve another and result m false gemmation 

RAREFYING PERIODONTITIS 
(Syn absorption of the root) 

It IS probable tliat under this heading several different processes are m 
eluded The condition is manifested by the absorption of the tooth root w itli 
or without evidence of other abnormality such as apical osteitis 

Absorption of the root of the tlecidnous tooth does not appear to come with 
m this designation but vlien the tooth w a permanent one and the root is 
being absorbed by pressure from another tooth, possibly an imerupted one 
then the term does apply A tooth with apical osteitis is frequently seen to 
have absorbed apices and the two conditions arc ascribed to the same cause 
namely sepsis 

In another group of cases the apices of one or more teeth perhaps the w hole 
dentition may be absorbed with no evidence of other abnormality and tJie 
teeth may be ahvo and apparently healthy In some cases the apices are parti 
ally destroyed and in others completely the tooth sockets being filled with 
fxine and lined with a new complete lamina dura In other cases the socket 
whence the tooth has been absorbed remains patent Patients have been 
examined clinically and foimd to haac normal healtliv luoutlis and teeth, but 
on radiographic exammation liaae shown serious absorption of many of the 
teeth Many such cases ha\o been carefully mvestigated and pyogenic 
organisms have been found at the apices of the affected teeth 

In the present state of knowledge the condition must be regarded as a 
probable source of focal sepsis It is manifested in a radiogram as a shortening 
of the root associated wutli a wade apical formen (Fig G13) a point wlucli 
IS used to differentiate the condition from a foreshort enmg shadow due to faulty 
technique In the latter ca^ic the tooth is short but the apical foramen is not 
w ide The presence of a tooth adjacent which is of normal length serves to 
emphasise the condition of true root absorption A tooth affected by rarefymg 
penodontitis is differentiated from one w bich has not finished its growth by 
the fact that in tlie former tlie root canal walls converge towards the apex 
whereas m the latter the converse is observed (Fig C14) Sometimes a radio 
gram of a dead tooth shows the root filling to be bereft of root but surroimded 
by apparently normal bone as if the toot had ne\er been present and the root 
fiilmg placed m the crowoi and projected into the alveolus Tins is another 
manifestation of rarefying penodontitis 

Granuloma of the Pulp (Syn pmk spot)— At tins place it is convenient 
to discuss another tyiie of root absorption one that commences inside the 
tooth and is not due to periodontal disease , 
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The condition is sometimes termed Pink Spot and is due to % formation of 
granulation tissue in the pulp As the result of this new tissue formation the 
adjacent portion of the tooth is absorbed usually producing a central circular 
defect in the root or crowm (Fig 616) The condition has to be differ 
entiated from perforation of the root as a result of faulty instrumentation and 
this 13 usually rendered possible by the absence of any history of instrumentation 
or by the fact that the lesion is too inaccessible to have been produce I 
artificially The condition is not only of academic interest for it may be « 
extensive as almost to separate the crorni from the roots 

BURIED ROOTS 

Buried roots are often present quite unsuspected and may be associated 
with sepsis so that in cases referred for investigation of focal sepsis the 
edentulous areas must also be examined The appearance of roots vrhicli have 
been retamed m the alveolus docs not vary from that of the whole tooth but 
there are occasions on which on account of their small size they may be d f 
ficult to recognise (Figs 617 620) 

A small fragment of tooth root unassociated with bone sclerosis is usual)) 
easily recognised on accoimt of the fact that some part of it is covered b) peno 
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dontni membrane showing as a tbm dark space separating the root from the 
lamina dura Even verj small spicules of root present an opacity nhich is 
homogcncons and are seen to bo devoid of anj structure resembling the snr 
rounebng bone Tlicir density is such that differentiation from sequestra 
can usually be made 

It 18 a rare occurrence foi v root to be iircsent and not to be shouai in a 
ndiogram but it does sometimes happen In the presence of sclerosmg 
osteitis It ma> be impossible to differentiate the presence of a root m the 
centre but it is sometimes possible to do so on recount of the presence of the 
dark spaces ulnch represent the root canal and the periodontal membrane 
Careful study of roots often enables a diagnosis of the presence of a sharp 
apical hook to be made If the hook is forwards or backwards it will be more 
easily recognised than in those cases m which it is directed mw ards or outw ards 
The latter condition is fcOmctimes revealed hy the presence of a small circular 
dark Ime with a central dark spot situated over the end of a root and represent 
mga iieriodontal membrane and the root canal of that portion of the root wliicli 
IS bent so as to ho in tlio plane of the incident beam of rajs Clo'^e scmtmj is 
necessarj to recognise the condition 

The roots of third molars arc sopietimes abnormally placed and mereaced 
m numbers and tins maj or may not be recognisable m ndiograms it is 
frequently impossible to recognise these small accessory roots even when tho\ 
arc known to bo present Tlie tjpe of absorption winch resembles canes 
jwdiographicsllj and which is'‘^ncountcred in some unenipted teeth maj bo 
jMTsent in buried roots in such a degree as to render the differentiation of the 
tooth stnicture from the bone \ery difficult 

It Is helpful to a dental surgeon to lie warned tliat such a condition is 
present liefore he commences operation 

TARTAR 

Deposits of tartar can lie recognised fcUlier abo\c the le\el of {be gum 
margin or below , and such dei>osits may be large or ^mall Radiographic o vi 
dence is onlj sought in those cases in which there aro small deposits of senimnal 
calculus hidden Ixmcath the gum 



CHAPTER LIV 

INJURIES TO THE TEETH AND JAWS 
FRACTURES OF THE MANDIBLE 

Ex AMi> ATiON OF any ca&o of injury oi suspected injury to the jaiv s is incomplete 
unless accompanied by careful radiographic study Apart from the surgical 
point of view, the necessity to carry out an X ray examination is \ ery important 
m order to avoid any legal imputation of neglect The exammation must be a 
complete one and include lateral views of both sides and a postero antenor one, 
including the condylar processes 

It IS a rule in radiography that bone injuries must be examined m tiio 
planes, and the mandible is not an exception For this reason three views must 
bo obtained in order to ascertam the presence of an injury and to estimate the 


Fio C21 — Fracture'* of the left ascending n 
and in the right incieor region 


iios 022-C23 —Fractures O' 
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degree of deformity In the incisor region some difficnlty is experienced m 
obtaining a clear ■unmtemipted m an extra-oml radiogram , conse 

quently a large intra-oral one is placed m the occlusal plane, m -which 
excellent detail of the mIioIb of the anterior portion of the mandible may be 
obtamed With the complete ‘'et of radiograms study is made to ascertain 
the following pomts 

The Number and Sites of the Fractures -’-One fracture onl^ ma> be 
present but it is rather more common to find tuo or more (55 per cent 
accorduigto Ity) 

The commonest site-i are at the angles of the mandible, the canme region, 
and the neck of the condj le 

It 13 the list region uhicli is most commonly overlooked partlj beciuse it 
la not suspected and alvo beca-use of the difficulty m recogmsmg mjmy wben it 
i» present m that region If the angle or canme region is mvolred on one side 
It is common to find evidence of fracture at the neck of the condyle or m the 
ramus of the other Bide In ci«es of severe injury there ma 5 be three or more 
fractures present 

The Type of Fracture Present — Nearly all fractures ofthe mandible are com 
plete, but sometimes cases are encountered m which the radiographic appear 
ance is that of an mcomplete one Tlie Ime of fracture may be vertical or 
oblique, and it is common to «ee an appearance suggesting that there are two 
lines of cleavage c]o«ely related , but this is due to the projection of the two 
edges of an oblique fracture, the broken inner and outer cortex each simulatmg 
a separate mjury 

Difficultj IS bometimcs experienced m recogni»mg the presence of a frac- 
ture which has an oblique direction m the sagittal phne una«ts,ociated wnth dis 
]»laeeraent of the fragments Each fragment is werige shaped and the raj s do 
not pass through the Ime of cleav age except m the postero anterior view, and it 
Is only m this position that such au mjurv raav be recognised In presence of 
disphcement of one fragment upon the other the recognition of the injury is 
rendered easy Comramuted fractures were common durmg the Great 'W'ar, but 
they form a small percentage of civ il cases In some cases the injuiy m volves 
the alveolus only, and then it may be difficult to detect 

Teeth may be mjured with or without bony mvolvement, and it is of 
importance that this should be recogni'cd esjiecially m the former event and 
if the fractured root is related to the site of injury of the jaw 

The Amount of Displacement — The displacement of the fragments niaj 
lake place upwards, downw ards, inwards or outw aids dependmg upon several 
factors, and it is of imx>ortance to the surgeon to be able to see the exact state 
of affairs before any treatment is undertaken The direction of the fracture of 
the angle is important because it may play a part m the retention ofthe posterior 
fragment m the correct position In fractures of the condylar region it is thi 
neck or ba«e of tlie neck which is usually involve, and dislocation of the wn 




' ti t — -TracVurei) o1 Vheloase Vbe neck oS "iae 
mandibular cMidyle 


gram of a fracture of the 


involved Intracapsular fractures of the condyle rarely occur 
the coronoid process are uncommon and are recognised by the P ^ 
ment upwards of the process If the tip only is involved it may no 
displaced , 

The Relationship of the Teeth to the Line of Fracture must be noted^ 
hne of fracture frequently jiaeses through the socket of a tooth a 
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gepamte » root from tlic crow n of a tooth Tins is seen more commonly in the 
molar region Some cTperts attach considerable importance to the removal of 
teeth « hich are rerj close to or m actual relationship « ith the line of fracture 
Radiagrophic c^adcnce suggests that, m tIio«o cases in ^ihioh roots or teeth 
Iiave been allowed to remam m the hne of fracture infection and dc]a\ed 
union ore more commonij encountered tlian in tho«e where such roots Iiave 
been promptU removed 

The presence of teeth in occlusion and situated upon the posterior fragment 
is also noted on account of Us value m preventmg disjilacement The pre 
senco of unerupted teeth in the Ime of fracture is also of significance on account 
of a tendenej -to dela> union 

The Presence of any Gross Abnormality, such ns foreign body or bone 
disease u Inch raaj ormaj not Iiaae contributed to the injiirj, is reaealcd and 
duo consideration must be given to it Pathological fractures of the mandible 
are usuallj the result of osteorajehtis or epithehoma or of trauma occurrmg 
uhilstthe treatment of these conditions la being earned out Cysts of the 
jaw A erj rarelj contribute towards the production of fractures of the mandible 
Some cases of injury are followed h\ claims for compensation and the presence 
of an) pathological condition winch might have prcdlspo^ed to the fracture 
must be recognised and its imiwrtaiice carefully estimated 

The Progress of Treatment — It is an interesting fact that m common w ith 
other held injuries imion may occur and not be re\caled in a tndiognm , 
consequently no reliable opinion can be given ns to the pre‘»ence of union for 
some time after it is known to have occurred clinically 

Notwithstandmg this much information can be gamed by radiognphio 
study liurmg tlic coiir«e of treatment Union is likely to be delayed if sepsis is 
present and this js frequently rebelled by the irregulnrity and rarefaction of 
the edges of the fragment'' with or without sequestra m the line of fracture 
Union IS not likely to occur so long as tlierc is a sequestrum between 
the fragments In the presence of comminution care must be taken not 
to regard the small fragments as sequestra because removal of the^^ I'-lands of 
bone fometimcs results m non union Non union is revealed in n radiogram 
by the edges of the fragments becoming rounded off and loamg their irregular 
marguis and w hen t he'se appcarancca are seen union does not take place w it hout 
surgical mtertcntion of some kind 

There is only one other appearance to be noted m the differential diagnosis, 
of fractures of the mandible Air present between the tongue and the soft 
palate and posterior pharyngeal wall is shotm m a radiogram as a dark Imcnr 
shadow , and this is sometimes mistaken for a fracture The similarity may be 
\ cry close, and the correct interpretation can only be ascertamed w hen further 
radiograms arc taken after the patient has swallowed or by the recognition 
tint there is no breach m the contmuity of the bone and that tho dark line 
extends beyond the width of the bone 
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In CinLDKFN certain factors an&e which do not occur m adults 

The presence of unerupted, teeth m their crypts renders it much more 
difficult to recognise a line of fracture ulijch is unassociated uith displacement 
of the fragments, and it is sometimes impossible to see the line of cleamge 
The presence of imempted teeth in their follicles situated m the line of fracture 
does not appear to interfere with the progress of union, but on the other hand 
very serious consequences have followed the removal of such teeth from their 
crypts Practures of the condyle m children have an added importance 
because they are likely to he followed by ankylosis hy states that this is 
not so, but the writer has seen this complication on scieral occasions always 
in children 

FRACTURES OF THE MAXILLA 

Fractures of the maxilla vary in extent from a simple mjury of the alveolus 
to complete separation of the maxillae from the cranium Fractured alveolus 
is commonly encountered following a blow on the front of the mouth (Fig 
625) and may be associated with injury of the incisor teeth The teeth 
are sometunea seen to be displaced from their sockets but still m the alveolus 
w ith or w-ithout endence of a line of fracture situated above the roots or across 
them In the third molar region the tuberosity of the maxdla is sometimes 
detached durmg the operation of extraction of that tooth The antral cavity 
may bo opened by such an accident In cases of more serious mjury both 
maxillas may be separated from the skull with very little radiographic 
evidence , indeed it is sometimes found to be impossible to recognise the 
condition The separation usually occurs high up, and the Imes of cleavage are 

through the nasal portions of the maxilla and posterior walls of the antra 
Iwjwrves of live •maxilla arc efteiv asaewated with fracture of the malar bone 
which IS sometimes seen to be depressed into the antral cavity, the lines o 
fracture in such a case being situat^ in the zygomatic arch, the infenor margin 
of the orbit, and the outer and posterior wftUa of the maxilla Sometimes there 
IS also separation of the suture at the external angular process Special ■news 
must be taken in order to show these fractures to the best advantage * 
the plate placed under the chm and w ith the head extended as far as possi e 
the central ray is directed downwards and backwards over the root ofthe nose 
20 degrees towards the feet The radiogram taken m such a manner shows 
malar bones, zygomatic arches mferior borders of the orbits nasal 
and the w alls of the antra These fracture^ are further considered m t e sec i 
on mjurics to the facial bones 

FRACTURED TEETH 

Practures of tlie crow ns of teeth are usually easily recognised clinically 
occasionally radiographic evidence first draws attention to the inju^ „, 4 enjpt 
case of a fractured crown radiograms are sometimes taken in ore er o 
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to 8ho^v whether the pulp chamber is invoUed Injuries of the roots ot the 
teeth occur with or \nthout mjurj of the alveolus uml mroutme exammation** 
old and quite unsuspected fractures arc sometimes revealed (Figs C28-G29) 

In injuries to the bodj of the jaw the line of fracture sometimes passes 
through the root of the tooth separating it from the crorni Tlie commonest 
tootli to be injured is the upjier central incisor Tlie line of fracture niaj be 
tmnsierse and associated with little or no displacement or very considerable 
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Figs nSl-CS — FrflctuTrU tooth rootti 


hoj amtiou of the fragments may be present The coronal portion of the root 
maj be pushed bickw arils m ith or w ithout ob\ lous injury to the ah colus Tlie 
hnt of fmeture is not ahiais bhown especially when it is n longitudinal one 
occumng m the corona! phne Union sometimes occurs between the fragments 
11 hen a tooth has been subjected to severe tnuma an area of rarefaction 
mui!K apjiears m the bone at the apex and this may persist as an infectne 
I roccs'' or may subside after a \anvble short | enod of tune 

In ft ca«o m w Inch recent injuri has occurred it is difltcult to express an 
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opinion as to m hetber an apical area of bone rarefaction is traumatic or infective 
Teeth which hare been injured before the groivth of the apices lias been com 
pleted usually die and cease to lay down more dental tissue Such a tooth is 
recognised by the fact that the apex is more widely open than the rest of the 
root can'll This differentiates the condition from an absorbed apex 

Perforation of the Root — Perforation of a tooth root b\ instrumentation 
may or may not be easily discovered in a dental radiogram The condition is 
very obnous when a post of a croim or portion of a root filling passes beyond 
the end or through the side of a root (Figs 630-631) 

If no opaque material passes through the perforation the false opening is 
suggested by the presence of an area of osteitis at the side of a tooth, the root 
canal of which is seen to extend to the side of a root (Fig 632) In the absence 
of osteitis the abnormal position of the root canal shadow would make further 
close study necessary, when the actual onfice might be recognised The pre 
sSnce of osteitis at the side of a root which has been subjected to dental treat 
ment is alwajs very suggestive of a root perforation, even when unassoeiated 
with other evidence, and further radiograms should be taken after attempts 
have been made to leave diagnostic wires m the root canal proper and m the 
artificial passage In this way a perforation ivill often become apparent which 
cannot be shown in any other way (Fig 630) Difficulty is experienced in recog 
nismg the perforation of a root, when it is situated buccally or palatally, on 
account of the fact that the material which had perforated the side of the root 
maj still appear to be in its correct position in the canal, an effect produced by 
the projection of the shadows and one which would not offer difficulty could 
a profile view be obtained Tlie perforation is usually recognised by the fact 
that It causes osteitis at its site of penetration and consequently a small dart 
area is seen to be present tlirough the root and perhaps extending to one Ct 
both sides of it , but such an appearance is sometimes not easy to recognise 
The above is m effect a restatement that osteitis occurring at the side or 
middle of a root usually indicates the presence of a perforation 

Perforation of the floor of the pulp chamber m a molar tooth is usually 
recognised b} the actual orifice or on account of the presence of opaque matena 
or osteitis at the root bifurcation The crown of a tooth is sometimes perforate 
it its cervical margin, and this is usually recognised by the presence of opaque 
material The condition knowTi as granuloma of the pulp sometimes exten 
to erode the side of a tooth, and may simulate a perforation The symmetnM 
appearance of the absorption suggests the true state of affairs The apes o a 
tooth may appear to have been perforated by an instrument when it has 
died before completion of growth Such a condition is usually clear 
cated by the fact that the apical end of the root canal is funnel shape 
effect which could not be produced by mstrumentation 
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Figs 637 638 — Dentalcysts Fes 639— Cyatofantenor 

palat ne foramen 

healthy In one such case examu ed small dental cysts extended Iron tl t 
second molar on one side of the mandible r ght round to the second o 
the opposite side All the teeth appeared to be healthy and rad ograpli c 
exammation carried out a year previously did not reveal any evidence of abnor 
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maJitj except jnijwictcfl tJurd molars xvliich were removed Tlicre was no 
clinical cxndenee of the condition which on histolo^cal examination showed 
the t^plc'll structure of a dental cjut 

VeiA rarclj -a dental ejst occurs so superficially and ])rodiicea so little 
bone destniction that its presence is not revealed radiograpbieallj 

W lien <Iental c\-sts occur m the maxilla tliej nn> capse the antra? floor to 
Iw piishcrl upwards and in extreme cn*^ the atrsmus is so wmpletel} obliter 
nted that the floor of the orbit becomes the roof of the st It is exceedingly 
rare for a dental c\st to open into the antrum m the aWnce of instrumental 
interference, but it max occur 

Tliere is an interesting lil>e of dental C 3 j»t which occurs in the anterior 
l>alat me foramen cxpamling it m a symmetrical manner (Fig 030) It mu be 
impossible to difTercntiaic a small dental cyst occurring m the upper premolar 
and mohr region in an edentulous patient from a normal antral shadow b\ 
radiographic evidence alone and it h not at all uncommon for such a condition 
to be ojicrated upon wnthout ]«ro|K!r consideration of cluneal exndcncc w ith the 
result thaba normal air sinus is opened \ normal antral sliadowr frequently 
closcly siraqlates that of a dental cyfrt but errors m interpretation arc not 
likely to hf *mado if due importance tsgticn to the ciuitcal conditions present , 
astatcmewwhieli cannot lieoxcrslre'^ed Occasionally a dental cyst is found 
at operation to be filled with a thick material which does not gi\t on\ radio 
graphic evidence of its presence 

DENTIGEROUS CYSTS 
(vSyn follicular odontome) 

riiC'^e cy8b» occur upually in the mandible but are seen m the maxilla 
Tlic appearance of a dentigerous cyst is \cr\ closeU similar to that of a 
dental rxst and difTcrs onl\ m that the former contains the whole or some part 
of an imeruptcd tooth (tigs 040 044) 3Iic area of fione destruction shows 
no exadenee of stnicture within it except the tooth and the margin is clearly 
defini d but not alwaxs corticated If wo leave aside the question of ■etiology 
the mdiogmphu exadenec huggests tliat there arc two type« of dcnticerous 
ix-st — one which nnscs from infection of the follicle of n permanent tooth 
through the ngencx of an infcetc<l deciduous predecessor and another txqie 
which occurs liefimd the alxeolus contaming the deciduous teeth i c m the 
niohr regions 

Dentigerous Cysts occurring In the Molar Regions usually hast a whito 
corticd margin whereas those in the oilier area usually have not Hie jK>mt is 
of interest but probabU has no practical significance 

Infected Follicle — \S m the case of dental cws the stage at which an 
infected proecs!< m thefollicfeof an icncnipted tooth is ilcvignated a dentigerous 
cy>t Is quite arbitrary 
\J 111—40 
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Tlie follicle of an nnenipted permanent tooth sometimes becomes infected 
by tbe deciduous predecessor and one of three tilings appears to occ-ur. 

In the case of acute infection suppuration maj' take place and the whole of 
the follicle become involved, causing destruction of the cortical lining with 
death of the tooth, wliich becomes a sequestrum. This condition is revealed 
radiograpliically by destruction of the white cortical line, by the rarefaction 




Fios. GiO~CH. — Denti^roua cysts. 

of the bone adjaeein U) it, and usually by displacement of the partially 
formed tootb. 1 '/ v. nr 5 

In those cases inwmch the infection is less acute tbe involvement ®f*^^**! ^ 
may stop short of the growing end of the tooth and the condition su ' 
without damage to the permanent tooth, which eventually erupts nonna 
The radiographic appearance of such a condition is shown by 
the cortical layer of some part of tJie follicle, ivith little if any mrefaction o 
adjacent lx)ne. In those cases in which the bone destruction exten 
growing end of the tooth no further growth will take place, eruption occurSi 
the tooth becomes exfoliated. 
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The third po-Mitilify !s that the infection will ennse desrtniction of the of 
tlie follicle m a progTe«Ht\e manner so that the lK>n\ ea\ntj lieoomcs consider 
ablv enlarged and forms hat 11 mfict a dentigerous cM»t Oceasionall^ the 
last condition is accomiianicd hj jicnostitis at the Iom er Ixirder of tlie mandible 
Ix-neath the cjstic civitj and this clearlj indicates tliat the condition is an 
mfeetne one 

RadiograplnealU this litter comphcatioii is resealed hi the yircscncc of a 
lai cr of new bone formation occurring at the inferior Iwrder of the mandible 
Anj temporarv tooth which has njiteol osteitis ina} cause sonic slight rare 
faction of the adjacent cortex of the follicle of the jicrmanent siicccs or but 
usually this does not result m obvious infittion of the Ixini caiiti 

COMPOUND COMPOSITE ODOVTOME 
Jhesc are nciili ahrayi^ found m children or loung subjeeth Ihcfi- arc 
cistic and non cy‘>tio tipca the latter licing the niOrc common ^ 

The Cystic Tjpe prc'cnts an appearance which lerv clo'^elj rcfccmhles tint 
of a dental cyst and only differs from it in that it contains \ar\mg numbers of 
small denticles or small fragments of tooth substance Tlie area of bone 
destruction is clearly defined and^s domarl cd from the Biirrounding lone by a 
defmitt cortex The number of denticks xarits from a few to a largo number 
and in ehapo and appearance thero is a wide aancty ranging from httle 
tooth hkc forms to small 8hapcles^ frigmciits of dentrl tissue ^ 

The Non»cystic Type is the commoner of the two and h found in nnv part of 
tht jaws Such a tumour is seen to be made wpof a group of irregular opacities 
oliMously conslstlngofdcntaltl^8Ucsnnd1no^corlcs.s closely feet (Figs 64^ C47) 
flicTt IS uaualli a finall <lark space surroumlmg the tumour as p whole or 
each indmdual iKirtion of the tumour uidicntiiig tliCjireseucg of a cay side 
rill M7C of the tumour is very vnrmhle Tlie cshtic ta'yie is dilT^rontmtcd 
from the clciitnl or dentigerous cast In the presence of the emrtU dciitirks or 
1 1 iquc dental l)odic<i llie non cystic t\i>c js diCTcrenliatcd from a corny lex 
Cl mjHiisitc odontomc hi the fact that it is made up of more than one fragment 
< f dent vl tissue 

COMPLEX COMPOSITE ODONTtlLMD 
Ihis tumour aarios loiisiderahly m size small ones uuiig found fairly com 
monU usualU m tho«c regions where Ru|iemuincrar\ teeth occur namely, m 
tilt u}»j>cr incisor region (Fig 64(1) Large complex comyiosite odontomes are 
mre They are made up of maves of iixegularlv arranged tooth substances 
dentine cementum and enamel and on account of their denee structure they 
cast a shadow rc'cmhling llial of a tooth except m form and denM?r than that 
of bone The njiyitimncc of an irrcgnlirU fonutd mass of very deiite sub 
stance sharply diffcrcntmtcd from the aurronndmg Ixmo is the ta picnl appear 



Figs 648-049,— Complex compo* te odootome* 

radiograms of the small complex odontoones but when present it is 
m establishing the differential diagnosis from an ivory esosto«i3 alt on^ 
has not the density of an odontome 

GEMINATED ODONTOME 

Gemmated odontomes are ttsnall\ recognised in a radiogram hut it i- 
•dlw ays poshvl le to state definitely vrhether the teeth are fu^ed or not 




tios —Enamel Dodule^ 


Ihe condition js eisil^ recognised rodiognplncilly Thera la usually a 
fairly normal coronal portion but the root has a central dilatation and a^umes 
a holloa spl encal ‘iliajie ivide ojwn at its apical end 


ENAMEL NODULE 

An enamel nodule is the name given to a small cusp like mass of dentine 
coa'ered u ith enaniel uhich usually occurs at or near the junction oi the roots of 
iipjier molars but is sometimes found on single root teeth 

The mdiograpl ic apjiearince is that of a small veil -defined area of increased 
dcusitj if the shadov of the nodule is projected through the crovn and as a 
email protuberance from the tooth wlien it is projected m profile No oth'=‘r 
radiographic appearance rc'sembles it (Figs 6o3 6o4) 
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ties G56-C57 — Epithel al odontoma adamant noma 



Fio 6G0 — Epithel al odotttonte 
multUoeuIar type 


Fro 661 — Epithel al odontoma sol d 
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EPITHELIAL ODONTOME 
(St/n multilocular cyst) 

Thw condition occurs most oonnnonh m the niandihle iis«all3 in the po-? 
tenor part of the bodvandin the «««< ending mniiis frequently extending to and 
destroynng the coronoid process 

There is no One appearince n Inch is typical of the condition but then, are a 
vanety of different ones anti anj combination of these mav lie pre-'ent at tiie 
same time The commonest appearance n. \irobabIj that of a large area of bone 
destruction situated at the an^^le of the mandible and involving the gre<ater part 
of the upi>er border of the bod\ and the anterior port of the ascendingiramus 
The Ime of demarcation of the bone destruction is sharp and tlie diagnosis is 
made on the presence of a few coarm and irregular strands of bone in the cav itv 
It is the coarseness of these trabecid'c of bone w Inch suggests the diagnosis 
(Figs Cafi-CoS) There is m this type no radiographic evidence of any lociilation 
Associated with this or arising mdcpeiidcntlj there is another type of radio 
graphic appearance nameh alocabsedhoneycombednreaofboncdestriiction 
Till'S zone is quite well defined from the adpcoiit bone and the mdmdual bone 
spaces mav not be at all svTumetneal in size (Tig 661) In ono case wlncli bod 
aieia longhistory the cellular formation wasaorj niarhed and each individual 
space was ver\ nearly the same small size 

4 third tijpe is one wliioh can rcallv be described os imilt Jocular in,»p|iear 
ance le there are well-defined cavities present seiTarated bj thin but fully 
formed septa This ty pe iliav be found to contain a buried tooth (Figs 
Co9 UCO) 4s pronou^tv stated a combination oft he three types mav Ixi found 
associated and it must lie imder5.tood that the term tyqie is only u«ed 
to describe diETerent appearances of the same pathological condition 

Tile writer has encountered one case in which malignant changes were 
clearly demonstrated m one wall of a large multilocular cjst There is an 
mterestmg feature conoernmg these cysts namely that often the actual size 
of the cyst suggests a greater degree of bono de^itniction tlian is revealed 
ridiographically 


OSTEOCLASTOMA 
(S jn benign giant celled tumour) 

Tlierc are several different appearances presented by thc'^e tiimoiir» Jvo one 
description wall cover all osteoclastomata One type of radiographic appear 
ance re'sembles a dental cyst in so for as there is n darJ central cavity hut the 
line of demarcation is not so clearly defined and may be replaced bv eeveral 
incomplete cortical bnes suggesting that the bone bad made more tjian one 
attempt to limit the tumour There isnoevidenceofinfDtration Tliecentral 
canty is not devoid of structure as m a dental cyst for there are a few fine 
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irregular trabeculae present uhich may need careful scrutmj for recognitioi 
The diagnosis is established on the presence of these trabeculae and tl 
mdefinite cortex (Figs 663 and 665) 

Another type re\’eals itself as a collection of small closely set eanties in tl 
bone, with clearly defined walls but without any condensation to suggest th 
presence of a cortical lining The individual cavities do not reveal an 
evidence of structure (Fig 662) 


Fios 66S-666 Osteoclastomata 


A thxrd type resembles the two previous ones m that there is a tendencv to 


wards the formation of a large cavity with trabeculas which are coa^r 


those descnbed above and vnassociated with any cortication (Figs 


Associated with the large cavity are smaller ones similar to 
the second tjTe These appearances may be found modified and t e 
described must onlj be regarded as attempts to indicate how the 
mav appear in different indmduals Some osteoclastomata cannot 
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entiatcd from otjier condit tona on radiographic cvideJice alone All osteoclasto 
nnta tend to cause o\:i>an9Jon of the jm* i e the outer border be seen to 
be covered uith bone which is usually thicker and less smooth than that of a 
dental cjst Tliere is aho a teT«lenc\ Jbr these tumours to push developing 
teeth awaj 

Tlie differential diagnosis from a dental cyst is made from the absence of 
an^ structure lu the dental cjst. Us corticated margin and the smoothness 
of the expanded outer wall A multilocular cyst has coarser and usually 
fewer trabcculai It maj be impossible to differentiate a fibrosarcoma but 
an\ eMdenco of infiltration suggests that the tumour is a malignant one 

MYELOMATOSIS 
(Syn mjeloma} 

fills condition is sometimes encountered in the jaws and may be seen 
there licforo it is recOj,msed elsewhere Clear cut areas of bone destniction 
with no internal stnicture or cortical Imuig situated some distance from the 
tooth apex or at the apex of what appears to be a hi e and Iiealth) tooth should 
evoJ 0 suspicion and lend to furtlier iniestigations 

CARCINOMA 

Both carcinoma and sattoma occur m the jaws tlic former liemg more 
common t ban the latter Epithelioma may occur anjiv liore hut the commonest 
site 18 at the junction of the anterior in irgin of the ascending ramus with the 
Iwdy of the mandible Iho a[ipcirnnce irhioli Jt presents is that of an area of 
Jxme destruction with no fitructure in tlie caiily and with no evidence of reac 
tion on the p irt of the surrounding bone Tlie edges of the hone of the affected 
area arc irregular inditatmg the presence of infiltration (Fogs 667-070) 

Ihcre IS a second typed enremoma which is occasionally encountered in the 
jaws and which histological!} reveals the appearance of basal celled carcinoma 
In the early stages the npjieannce is indistinguibluible from that of an unhealed 
tooth socket except that there is no cndcn<» of lamina dura or of any new 
l>onc formation (Fig 671) Suspicion should lie raised by such appearances 
and in the absence of a satisfactory history or of change after a penod of 
time lustological section may be necesoarx to cutablish the diagnosis If left 
untreated wide destruction of the jaw may result (Tig 672) 

Secondary carcinotna apiwars to be a rare disease m the jaws and presents 
on opjwarance which is sometimes mistaken for osteomyelitis hut the true 
nature of the condition is suggested by a more or le'«s localised area of central 
destruction with an mdcfinite margin and some bone stnicture m the involved 
area yet w ith no reaction m the surroundmg bone The absence of sequestnim 
and the historv difforcntiate the condition from chronic o«teomyebtis 



■ Fia. 671.— Basal-celled careinomaftfthe Fjc. C7’,— The same case, somo 

mandiWe. montK'i later. 
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SARCOMA 

Sarcoma may be indistinguishable from epithelioma, or it may pre'ient 
quite a different appearance due to the presence of bone structure This bone 
structure \aries from a few trabeculae uregulatlj arranged in an area of bone 
destruction to a dense mass of calcification inth no bone destruction (Figs 
673-677) 

In the former, malignancy is suspected by the fact that the tumour mar 
show obvious evidence of infiltration of the ad3acent bone or of mvasion of the 
antral cavity this contrastmg with a cyst or osteoclastoma both of which 
cause the floor of the smus to be displaced upwards 

The osteogenic type of tumour may m its early stages be almost indis 
tmguishable from a simple osteoma but the presence of any irregulanti in 
outline or of bony spicules on the surface renders mvestigations advisable 
even without the aid of clmical factors and history (Figs 676-677) 

OSTEOMA 

This IS a rare condition m the jaws proper 

The sites at which osteoma does occur are the angle of the mandible and the 
mfenor border of the orbit The appearance is that of a dense bony mass 
pedunculated or sessile (Fig 6o5) The tumour is much denser than the 
adjacent bone and lacks the definite uniform structure Its margins are 
clearly defined 
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INFLAJtJtATORY AND OTHER DISEASES OF THE JAWS 
OSTEITIS FIBROSA 

This is ft relatively nre condition m tlie niandilile and maxilla Tlie cystic 
type of the cli«iense does not xiipear to affect the jaws but tliere are tivo different 
appearances whicli do occur and which on histological examination reveal 
the structure of osteitis fibrosa There is one iifpe nhioh is most commonly 
foimd m the maxilla and v hicli radiographically shon s much new bone fornn 
tion with a tendency to encroach upon (he antral cavity Tlie appearance is 
that of homogeneous boii} stnicturc siraulatmg the stipplmg of the rmd of 
an orange (Fig 678) Tiie condition may be extensive and when mvesti 
gated snrgiexHj tlve new lione is easily rerao\cd but tends to recur The other 
type is that of a slow grouing enlargement of the mandible or of the alveolar 
border of the maxilla TIic newly formed bone lacks the structure of normal 
libno IS much denser and is dexoid of uniform trabecular arrangement 
(Figs (581-682) The appearance most likely to be present i» a granular 
or closely set mottling with here and there areas of dmimished densitv 
which do not however resemble cysts 

In the maxilla new lione continues to grow and may occlude with the man 
dible and so prevent normal closure of the jaws (Fig 683) On surgical inter 
ference tlie new bone is found to be very hard indeed 

Oateitis fibrosa associated with parathyroid tumours may cause cyst like 
cavities in the mandible but general rarefaction of the bone is not present 

ACROMEGALY 

There is demonstrable change m the structure of the bone of the jaw in 
this condition 

Deficiency diseases do not produce any radiograpbiL evidence of tlieir 
presence 

OSTEOMYELITIS 

Osteomyelitis of the jaws simulates the condition found in other bones m 
eiery important detail except two the absence of chronic changes so com 
monly seen in long bones and of any marked degree of mvolucnim formation 
It must be remembered that acute osteomyelitis may be present and quite 
easih recognised clinically but no radiographic evidence be presented until 
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FiQ 683 — Osteitis fibrosa of tbe jatvs 


Fie 68t — Leontias a ossea 


of the mandible 
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•some time has elapsed on account of the fact that it takes a variable tnjie (up 
to ten dajs) for sufficient bony absorption to occur to jiroduce radiographic 
changes Therefore to v.ait for radiographic evidence before estabhshlng a 
diagnosis might lead to serious results Tlie earliest change m acute osteomye- 
litis may be a small area of osteitis at the ajiex of a tooth, followed h\ other 
areas of rarefaction occurring a little distance from the tooth and separated 
from it by ubat appears to l>e normal bone Similar areas ^ cry quickl;^ idceur, 
extending along the bone until it maj be invohed in its entirety (Figs 
687-68S) In other eases the first evidence is a localised blurring of the bon\ 
trabecul*®, quickly followed bj small areas of bone destruction occurring 
separately o^er the affected area The condition ma} be localised from the 
beginning, and tins is usually the case of the masdla, whereas m the mandible 
it sometimes spreads rapidly to involve a large area 

Difftrent appearances are encountered in the subsequent stages, and anj 
torabination or modification of these niaj he found in an> mdividual case 
In the localised type the whole of the discard portion of the bone may ]ie 
separa ed as a sequestnim from a central cavity, or the dead bore ma> be 
throwni 6ff m small pieces o^'e^ a period of tune 

In the more ca'l^n«llc coses the diseased bone becomes broken up mto small 
sequestra which may remain for a cousiderablo tune (FigK 6S9) The appearance 
at this stage is a common one and is that of a jaw wluch is normal m shape bj^it 
the texture of which is completely altered, so that there are multiple irregular 
ca\ it ic8 m Hie Ixine separated by fragments w Inch may retain a close sinularit j 
with normal bone but which are obviously lieing separated It is usual to see 
a small amount of periosteal new bone at the inferior border of the tqandible 
only and it is significant that it is not seen elsewhere, and that it is not nearly 
h<» marked as m the case of a long bone Indeed, in some cases there is no 
imolucrum rexealed at all In the maialla no evidence of m\olucnim i® 
shown At the stage m winch the dead Ixinc has been seinrated the npjicaf 
snee IS usually tlint of the rem.sins of Ibe body of the yiw wnth no entlence 
of new lionc formation except at the lower bonier of the luanthble X-ater.on 
now bone formation at the site where the sequestra bare been tlirown off is 
revealed, and a radiogram at this stage would not present any features w/ueh 
are diagnostic of any ont condition, and m the absence of history and clinical 
findings would bo more or less meaningless 

When the d^ease is ended and the reparative process completed tliere is 
Usually’ no c \ idence of any’ abnonnahty even m most extensive cu'ses ’ Clironic 
changes as reiealed In dense sclerosis in osleoniyehtis of the long bones is not 
encoimtered m the jaws Sometimes osteomyelitis is associated with and 
etimpheated by a pathological fracture, m which case there is added to the 
foregoing appearances evidence of the fracture with or without displacement 
of the fragments 

If the fracture has occurred early, displa^ment is likely to follow on ae- 
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eomo time lias elap cd on accoimt of the fact that it tal es a \ anable time (up 
to ten dajs) for sufficient bony absorption to occur to produce radiographic 
changes Tliereforc to -wait for ladiognphic evidence before establishing a 
diagnosis might lend to serious results The earliest change m acute o tcomj e 
litis maj be a small area of osteitis at the apex of n tooth followed b;j other 
areas of rarefaction occurring a little distance from the tooth and separvted 
from it bv uliat apjjears to lie normal bone Similar areas rcrj quicklv dccnr 
extending along tlio bone until it mar be involved m its entirety (Figs 
087 088) In otlier cases the first eyidence is a localised blunmgof the boitj 
tialieculie quid ly foUoued bj Email areas of bone destruction occurring 
separatelj oyer the affected area The condition may bo localised from the 
beginning and tins is usuallj the ca*?© of the maxilla « lierea» m the mandible 
it sometimes spreids rapidlj to mvoUe a laige area 

Different apjearances are encountered m the subsequent stages and any 
combmation or modification of these maj be foimd m any mdividual case 
In /lie locahied it/pe the uhole of the diseased portion of the bone may ))e 
separa ed as a sequestrum from a central canty or the dead bone mavTie 
tliroirn off m Email pieces over a period of time 

In the more extensive eases the diseased bone becomes broken up mto small 
sequestra u hich ni yy remain for a considerable time (Tig C89) The appearance 
at this stage is a common one and is that of a jaw yv Inch is normal in sliape-byt 
the texture of uhicli is completely altered so that there ore multiple irregular 
cavities in the bone separated bj fragments uhich may retain a close similaritj 
u itli normal Ixme but u hich are obyaously being sejiarated It is u^ual to see 
a small amoimt of penosteal new bone at the mfenor border of the ntandible 
oiil> and It IS significant tliat U is not seen elseuhere and that it isnot nearly 
1*0 mnfktd as ui tlie case of a long bone Indeed m «onie cases there is no 
inyoluenira revealed at all In tiie maviUn no evidence of mvolucnira is 
«:hoim At the stage in uhicii the dead bone lias liecn separated the appear 
ance is usualij that of tlie remains of the body of tiie jayv with no evidence 
of new bone formation except at the lower border of the manddile Later on 
new bone formation at the site yvhetc the ''cquestra have l>ccn tliroyvn off is 
reycaled and a radiogram at this stage would not pre<5ent any features which 
are diagnostic of anj one condition and in the absence of history and clmital 
findmgs would be more or less meaningless 

When the disease is ended and the re|>arati\e jirocess complete<l there is 
u ually no eyidence of anj abnormality even inmost extensive cases Clironic 
changes ns reyealed bj dense sclero is m ostconijeUtis of the long bones is not 
encoimtered m the jaws Sometimes osteomyelitis is associated with and 
complicated bj a pathological fracture m which case tliero Vi added to the 
foregomg apjicaranoea evidence of the fracture with or without displacement 
of the fragments 

If the fracture has occurreil carlj displacement is likelj to follow on ae 



Fig C 89— O^teomyelittsoftbe FiC 690.— Penostilis of the mandible 

mandible 
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count of the fact that no involucnim has been formed ^vllereas liter jjenosteal 
new bone maj suffice to act as a splint to pr^ent disphccment 

The marlved Hegree uith nlucU extensue ostcomj^itis ofiho mandible is 
followed bj complete resolution with absence of deformity is vciy stnkmg 
Syphilitic and Phosphorous necrosis may lUffer from the above description 
only m that there is a greater tendency for the condition to be 'localised and for 
the requestra to be massi%o 


NECROSIS 

Small localised areas of necrosis are frequently found in the jiws and the 
central sequestnini may be i jiart or uhole of a tooth soehet a fragment of 
root or dead banc (Figs 6S0-686) { 

It IS rare to find necrosis produced by arsenical comiiouiids used m devitah 
sation of the pulp but tlie condition is sometimes exiKsrienced The appear 
ance m such a condition is naually that of a small localised area of bone 
destruction with a central rarefied sequestrum situated either at the apes 
of 1 root or at tlic surface of the alveolus adjacent to the cervical edge of 
the carious cavity 


PERIOSTITIS OF THE MANDIBLE 
Tins condition usuillv occurs m children or young adults and the common 
est cause is infection at the apices of one of the permanent teeth usually 1 
molar The infection commencing at the apex extends outwiids penetrates 
thfe outer phte of the alveolus and tracks beneath the periosteum Th6 radio 
grapluo appeamnees are tho^e of new bone formation at the mfenor border of 
the mandible separated m the active conditions from the jiw by n thm dark 
line (Fig 090 ) Tins dark line said to disappear wlien the disease becomes 
quiescent In some cases there is no evidence of any dentil cause and the 
condition is considered to be an idiopathic periostitis 
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DISEASES OF THE TEilPORO MANDIBULAR JOINT AND ANTRUM 

INJURIES TO THE MENISCUS “ CLICKING JOINT” 

Pbobably tiie commonest abnormality which results m the temporo mandib 
ulai joint being radiographed is that known as clicking jan a name given to 
the condition in ahich movement of the mandible is accompanied bj a clicking 
noise more or less loud and audible to tbe patient alone or to tho«e in the 
presence of the patient In the great majority of cases no abnormality u 
demonstrated in the radiograms of the joint but m a few a diminution in the 
n idth of the inter articular cartilage is shonn by a narrowmg of the dt tance 
betiveen the head of the condyle and the surface of the glenoid fossa It b 
probable that the change is the result of contmued injurv to the cartilagmom 
meniscus resulting from traumatic arthritis 

ARTHRITIS 

Pam m tlie temporo mandibular jomt associated nith a clinical diflgne*i» 
of arthritis is not infrequent but the presence of radiographic changes i. 
rare Changes do occur w hich are described as bei^g due to osteo artbntu 
or infective artlmtis 

OsteO'arthntis presents diminution of the jomt space usually withont 
changes m the condole itself but occasionalh associated with flattening 
of articular surface Osteophjtic formation does not appear to occnr ot 
alternativelv if it does it is not revealed m a radiogram 

There is no endence of anj rarefaction m the head of the condvle m 
osteo arthritis 

Infective Arthritis ls recognised b\ the presence of definite rarefaction in t 
head of the condvle usually localised to its anterior aspect The joint spa« 
usually narrow The condition is a verv rare one 

ANKYLOSIS OF THE TEMPORO MANDIBULAR JOINT 
Ankj losis of the temporo mandibular jouit usually arises m children in' 
\'Oimg adults and results from injury or infection 

The injurj may have occurred dnnng birth Ankv losis of tlie jomt ^ 
not appear to follon mjnnes m the adult and Tts occumace in c ^ 
probably due to the rapidity with which new bone is laid down wit 
stimulus durmg tlu penod of active posvth Careful and compete ra 
73S 
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graphic examination is necessarj m order to ascertam the greatest amoimt 
of information and such an examination is rendered difficult on account of 
anatomical changes nhich impede clear access to the parts 

The condition ma\ be nmlatenl or bilateral The radiogram reveals 
ohhteration of the joint space marked flattenmg and enlargement of the 
head of the condole which may he mdistmguishable on account of its mvolve 
ment m a mass of new bone This nen bone is finnlj attached to the base 
of the skull and extends to envelop the neck of the condyle and a varying 
amount of the sigmoid notch 

It IS sometimes found that the sigmoid notch and the base of the skull arc 
continuous and the original site of the condole is distmgmshable only on 
account of the increased densitj of the bone 

Ii^other cases tlie sigmoid notch appears to lie accentuated by elongation 
of^ie coronoid process 

/ -^Jso evidence of fusion between the coronoid process and the maxilla may be 
di^^onstrahle, although this 13 said to occur m some ca'ms Other changes 
ociitt m the mandible the affected side being shorter nml less developed with 
teeni-p'^spr.t high up on the ascenduig ramus 

*^e raiQUs is ‘shorter than normal and the notch m the inferior 

ffurure just in Iront of the angle is considerably deeper The angle which, the 
ascei dmg ran\ js makes with the honzontal ramus is more acute than !n a 
normal ca«o Tlie ehm is retracted and has an mchnation from above down 
wards and backa aids In bilateral conditions the changes in the &ize and shape 
of the mandible are more marked 

DISLOCATION OF THE TEMPORO-MANDIBULAR JOINT 

Tins may be iKirtial or complete unilateral or bilateral and wnth or without 
associated mjurj It is most commonly found a^ociated a ith a fracture of 
the neck of the condjle and is •sometmics discovered quite unexpectedly m 
radiographic examination of other conditions 

In complete dislocation una'soewted with mjurj the head of the condyle is 
aWww Av Sjtvfi iif .wAuwaRy ax Aw«vwfiV?A? 

subluxation tfie head of the conoylc rests upon the emmentia when the mouth 
Ls closed 

The condition is not difficult to recognise radiographicall\ but the diagnosis 
of the mconiplete dislocation is not conclusive unless exammation is made u ith 
the jaa closed In fracture-dislocation the eondjle is cither displaced for 
xrarda and remams vertical or is displaced horizontally muards and foruards 
or more rarelj outwards It is not alwa^ easy to recognise the exact position 
of the head of the condyle and sometimes all that mav be said is that a disloca 
tion IS present 
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HYPERTROPHY OF THE CONDYLE 

This IS a condition v.hich is more frequently diagno&ed clmically than found 
radiographically It la a very rare condition and diagnosis is not accurate 
unless it IS supported by definite radiographic evidence The condition may be 
a local hyperplasia involving the condyle ivitli enlargement of the glenoid fossa 
or it may be associated v. ith increase m the size of the rami of the affected side 
of the mandible 

Hypertrophy of the condyle causes protrusion of the mandible fonvaida 
Hyperplasia occurs in the mandible uithout involving the condyle causing 
protrusion to take place so that the lower teeth bite outside the upper ones 
In one case examined the condition arose m a young man and progressed slovvh 
and very markedly so that when the jaw was closed the molar teeth m the two 
jaws were separated by a distance of three quarters of an inch and the lower 
mcisor teeth occluded well outside and above the upper ones All the changes 
appeared to be confined to the ascending rami which were considerably length 
ened without any evidence of change in 
the texture of the bone The teeth were 
not spaced indicating that no growth 
was occurring m the horizontal rami 
Radiograms of the pituitary fossa in 
this case did not reveal any abnormal ty 
Another case presented changes m 
the horizontal rami only while another 
patient has been examined m whom tlie 
angles of the rami h'lve been too 
obtuse with the result that the anteror 
teeth do not meet 




ANTRAL CONDITIONS 
Tlie radiographic examination of t) e 
air sinuses is dealt with elsewhere but 
there are some points concerning t 
antrum which are of special concern to 
the dental surgeon These will be dei 
with here 


On. account of the frequency 


will 


winch the roots of teeth are closely « 
lated to the antrum it is a common o 
cnmsnce for the sinus to he oiiened dii« 


the 


tootJi extraction In such l 
mtra oral radiogram may reveal a 


tra oral ramogcan* ” r *1,? 

, the cortical noil of the floor of 
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antrum, a portion of -wliich is ab'sent, but in the case of a small openmg 
through one of the sockets of a molar it may be impossible to demonstrate 
any defect in the antral floor. Sometimes the uhole of the tuberosity of the 
masilla is fractured, and may be removed and the antrum involved as a 
result. IVhenthe tuberosity has been removed the defect will be obvious, but 
it is more difficult to recognise a fracture without loss of bone substance. 

A root of a tooth is frequently displaced into the antrum (Figs. 691- 
692), and more rarely the whole tooth may be forced into the cavity. A root 
isusuallyeasy to recognise unless very small and obscured by the shadow of the 
malar bone. Intra-oral dental and large extra-oral sinus radiograms must 
be taken, and the position of the root accurately detenmned. The differential 
diagnosis is between a displaced root in the alveolus and one in the antrum, 
and it is established by the absence of a lamina dura around the tooth in the 
latter position (Fig G92). 

The antrum is mvolved in some cases of malignant disease arismg in the 
alveolus, and the appearance is that of the tumour together with a breach 
in some part of the antral wall. Innocent tumours and dental cjsts may 
invaginate the antrum, but actually open into it only in rare cases. , ‘ 

Osteomyelitis of the maxilla may spread to involve the antrum and result 
in a persistent opening between the mouth and the air sinus. - * « 
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THE EYE 
CHAPTER LVni 
THE EYE* 

The cornea is visible in a lateral view only. The oblique projection of BeJol 
eliminates most of the bony shadows which obscure the orbit in the sagittal 
view. In tliis the face rests on the film, the head turned 45 degrees to\vards 
the side in questioii. The central ray is 
normal to the film, and passes through 
the temi)oral region just behind the 
fronto-malar suture. Only a thin plate 
of bone is interposed between tbe tube 
and the eye in this view (Fig. C&3). 
roll’s method of introducing a small 
fihn into the conjunctival sac shows the 
anterior chamber clearly. Tbe pos- 
terior part of the globe of the eye can 
be seen only if it is outlined by the 
injection of a contrast medmm into 
Tenon’s (»psiilc, either lipiodol, air, or 
thorotrast. 

Calcification of the Lens.— This is n F,c. C!i 3 .-Bebf. pn.i»;i,on. 

rare occurrence. In Hartmann’s three 

cases it was in the form of an outer shell. It is clearly seen in a conjunctival 
“ bone-free ” radiogram or in Belch’s projection. 

Ossification of the Vitreous. — This also is rate. Boliel liret described it in 
1913. Tire degree of calcification is variable ; sometimes u localised central 
sliadow ; sometimes a diffuse one extendu^ to the periphery ; sometimes a 
laminated shadow. 

Atheroma of the Carotid or Ophthalmic Artery. — This may be seen, when 
calcified, as a ring shadow inside the orbital shadow, and in tlie case of the 
ophthalmic artery, in the optic foramen. 

A Shrunken Caldficd Globe may cast a dense intra -orbital shadow. 

• This part was begun by E. W . Twining, aiijd, after hia death, was Completed by S. C. Shanlcs 
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FOREIGN BODIES IN THE EYE OR ORBIT 

Only the opaque ones can be shown radiographically A doubtful speck 
on a film should always be checked by a second radiogram lest it be a film or 
screen fault Opaque Jbreign bodied ItaiOt too small may be seen radio 
scopicallv and their movements related to the ocular movements 

Types of Foreign Bodies — ^Foreign bodies m the eye iLsually consist of small 
sharp particles of metal (most commonly steel) which are thrown off during 
hammermg or other metal working operations Some copper alIo^8 and brass 
are brittle and from them may be thrown off extremely sharp particles intli 
considerable force I^rge industrial towns or shipj ards produce the majontj 
of examples Alost are superficially embedded m the cornea and are ea<!ili 
seen and removed By far the commonest foreign bodies are tinj spicules of 
steel These are nearly always clearly visible radiographieallj Parch an 
extremely thm flake might be invisible if viewed face on 

Jung has pomted out that the bed of a foreign body which had been 
remoted after being m the eye for some time roav become impregnated with 
metallic oxides and cast a famt shadow This siderosis if marked mat alM 
spread and oatlme the whole of the globe {Gtnti) 

Chips of glass and spicules of cement or stone may cast a shadow spicules 
of lead glass certamly tnll Even wood has been known to east a slight 
shadow (Tookt) There is more chance of this if the spicule has come from 
the surface of painted wood 

LOCALISATION OF FOREIGN BODIES IN AND AROUND THE EVE 

Serious responsibility rests upon the racbologist called upon to examine a 
ease m which there is a history of damage to the eje with or inthout evidence 
of an mflamed eye The great majonty of ultra ocular foreign bod es are of 
pm head size or smaller These are the most unportant to localise and reniore 
The larger ones are apt to damage the eye irreparably so that it cannot be 
saved Penetration may be through the cornea mto the antenor chamber or 
through the ms also and thence into the posterior chamber or directly into the 
posterior chamber via the sclerotic 

Two steps must be taken m examinmg tlie^-e cases 

1 Detection of the shadow of the foreign body 

2 Its localisation 

Detection — This is done by means of simple films w itbout a gnd 
are used The patient should look straight before him motionless ^ 
lateral films should lie made uaing different screens for each film 
object of excludmg artefacts A short exxiosure is essential Poster© ^ 
films are usually of little value m detecting mmute foreign bodies ® 
be taken as a routine since the size of the foreign body ls at this stage un 
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If a large one is sUomti clearly out*5ide the orbit, this finding in combination 
inth the clmicil signs and history may remove all imcertamty 

Localisation — It is of first importance to be able to orieirtate the foreign 
body, not to the skeleton but to the globe of the eye itself , particularly the 
tiny one& The larger ones if intra ocular ^11 have destroyed the function 
of the eye Again the locah<?ation must be precise to about a miUinietre 
to minunise the amount of surgical trauma hen the foreign body 
IS removed 

For satisfactory localisation the follovrmg conditions must be fulfilled 

(1) The Fokeign Bod\ must bc Visible 

(2) The Head must be Ijdiobiused 

(3) The Eae MUST BE IstMOBiLisED relatively to the orbit either b\ closmg 
the eyes and assuming the position of sleeper preferably by fixing the eye on 
a distant point — either the mjiired eve or the sound one if the vision of the 
injured ei e has been dcatrov ed 

(4) The E\ eball or Soirs Points on it siust be Rendered Visible 
^[ anv methods have been used for this 

/a) Conjunctuil film for anterior chamber 

(6) Injection of bpiodol thorotrast or air mto Tenon s space 

(c) Certain pomts on or close to the eve may be marked and the outline of 
the rest of the globe deduced from tbe assumption that its a% erage diameter m 
24 mm Allowance must be made for cases of marked ametropia or collapse 
of the ete from the uound 

hiumerous localising markers liave been used «uch as a lead ball held 
I cm from the cornea a blepharostat carrying a metal rmg » hooks or 
neuro surgical silver slips attached to tlie conjunctiva , a silver wire circle 
introduced mto the conjunctival fomices and bearing cross wires in front of the 
cornea tinv lead pellets fixed to the hmbus a eniaU spnng ring placed on 
the conjunctua at tbe insertion of tbe ocular mu«cles wire contours of the 
eveball held over it during radiography m the postero anterior and lateral 
news , contact glasses bearing an opaque line marlang the hmbus or 
cross lines over the cornea or opaque dots spaced at 90 degrees round the 
hmbus 

Tfie centre of rotation of the eyebafi max he used as a jiomt of onenta 
tion, as m the so called phy'^iological methods of localisation Tbe advo 
Kites of the^e methods claim a greater degree of accuraev with them 
m the ca«ie of foreign bodies far back m the vitreous than with tlie geo 
metric methods 

(“i) The Angle of thf Central Ra\ and of the ANThRd posterior 
Axis OF THF El E must BE Know'n — If possible both should coincide; TdiUng 
this the angle made bi them should be known 

(6) The Macmfication of the Isiagl — ^Hus should be allowed for m the 
estimations ifsulBneiit to u arrant notice Teleradiogram;^ avoid appreciable 
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magnifications but a satisfactory compromise is a tube film distance of 
36 mches which gives an error of less than 0 5 mm 

The vanous methods of localisation (and they are many) fall mto six groups 

1 Physiological Methods — Several radiograms taken \nth the eye lookmg 
m different directions the tube and the head remaining fixed {Kohler Dor 
Ddot and Frandei HolzLnecki AUackul Orud^insh) 

2 Geometric Methods — Se\eral radiograms taken from different planes 
the head and eye remaining fixed (Sueet McQngor Dixon Ahlbom Ohntshi 
Muller and Slump/) 

3 Stereoscopic Methods {ffenrard) 

4 Simple Methods — Postero anterior and lateral radiograms with various 
opaque markers ( ^rganame Wesselt/ Vdter Comberg) 

5 ' Bone free Methods — ^Using small films in the conjunctival sac 
{Vogt Lindblom Franceschetti) 

6 Contrast-medium Methods, m which the globe is outlined by atr hpiodol 
or thorotrost 

Assessment of the Various Methods —Ivo one method can be said to be the 
best all have advantages and disadvantages Some methods suit best fot 
certain cases and the choice may depend to some extent on the apparatus 
available and the mathematic bias of the operator Those who tend to shun 
an algebraic formula will tend to use the more objective methods 

For the most precise localisation the methods of Sweet McQngor Ahlbom 
and Cotnberp are to be recommended The three former requite special ap 
paratus In Great Bntam and the USA Sweet 8 method is very popular 
and Ahlbom 6 on the Continent If no specialised apparatus is available 
eginwartirae Fe/fsrs metliodisof value Finally the methods of F-ojfand 
Lindblom are of great use in the case of foreign bodies in the anterior chamber 

Physiological Methods 

Observations based upon movement of the suspected shadow s arc unreliable 
because (a) if extra ocular but m the capsule of Tenon the muscle the optic 
nerve or mtra orbital fat the shadow may show movement while (f>) if mtra 
ocular but near the centre of rotation of the eje the shadow may remain 
stationary 

The more refined methods based on the same prmciple those of Ko er 
Dor AltscJiul Hoi kneeJU smA Belot are not now of importance 

Geometric Methods 

Sweet s Method — In 1898 Swed described lus method and first apparatw 
In 1909 he described his improved apparatus It is remarJcable that a er 
tlnrtv 3 ears this improved model is still one of the best and most pop 
methods of localisation (Fig 694) , 

A lead ball mdicator is used to onentatc the centre of the cornea an 
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means of a mirror and a telescope this mdicator is adjusted exactly 1 cm 
away from the centre of the cornea and m the optical axis Two semi lateral 
radiograms are then taken on one film — ^Uie second exposure wth a caudal 
displacement of the tube 

In the Sweet apparatus the tube ball mdicator and film Jiolder are all on 
a movable stage m constant relationship to one another The tube film 
distance and the angle of the central ray with the optical axis are both constant 
so that the same indicator therefore serves for both exposure's 

Tlio optical axis is fixed by the sound eye an advantage since often the 
damaged eye is sightless 

The localisation is carried out m the follow mg six steps 

(1) Place the patient supine wnth the film on the side of the head nearest 
the injured eye iPigs 694 (o) and (b) ) 

(2) Adjust the ball mdicator verti'^ally 1 cm above the centre of the cornea 

(3) Take the first radiogram ivith tl e tube in the middle position of the 
scale (the central ray at right angles to the long axis of the patient s bodv 
and passmg through the centre of the iris of the damaged eye) 

(4) Tal 6 the second picture w it h the tube displaced to t he end of the scale 
nearest the feet 

(5) Superimpose the film on the key plate and read the co ordinates of the 
two sliadows of the foreign body 

(6) Mark these co-ordinates on the chart their intersections mark tlie 
position of the foreigu body within or without the eye 

Method of Adjustment of Optical Axis of the Injured Eye — R in Fig 69a 
18 the pomt on the mirror at which light from the indicator ball is reflected 
into the soimd eye (Y) The ball is therefore seen as a virtual image at V 
The ojjtical axis of the injured eye (X) w-ill therefore be m the correct line so 
Jong as the sound eye isloolvingattheimageof the indicator ball in the mirror 

Method of Adjustment of Indicator ball — The operator looks through tlie 
aperture (0) m the mirror and aligns the ball indicator over the centre of the 
cornea of the injured eye This ensures that the optical axis of that eae is 
parallel to the film The ball is then adjusted to a distance 1 era from the 
surface of the centre of the cornea by lool mg tlirough the telescope and 
brmgmg the imay,e in the telescope mirror f\I) of the cross wire mto a position 
tangential to that of the centre of the cornea 

A small lamp gives the necessary illumination TJic variation of dis- 
tance due to parallactic error is stated to lie only 0 I mm 

The Exposures — The eyes must rcraam immobile throughout the two 
exposures and to facilitate this both are made on different portions of one 
film (Fig 096) 

I IRST Exposure —The film is placed in attu and the )ead shutters opened 
to Jca\c the centre part of the film unprotected The tube is set at zero on the 
scale and the first exposure is made 
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Second Exro&tfRE -^Tlie tube is moved to the liiuu. ciudally, and 
the upper (ceplialic) lead shutter moved doini to protect the centre of the film 
and lay bare the cephalic portion The second evposnre is then made, one 
50 per cent heavier being given 



Fig — llof hod of adjustment of tia 69G — Sne«la^ocal(9at^on Diagram showing 

optics) axis of injured eje the pls^ and elevation of the tiro ezpo^ureo 


Charting the Radiogram — Place the developed film vatii it«i tube side against 
the kej plate (Fig 097), and move it till the two shadows of the indicator 
ball comeide with the ba]U on the key plate » 

C OR D Reading — ^llie film and key are lUummated and the distance of the 
shadow of the foreign body to the right (0) or left {D) of the indicator ball is 
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noted and transferred to the corresponding lines of the C or D section of the 
final chart on the right or left side, according to which eye is being examined 
(Fig 698) 

E Eeading — Without moving the film the E readmg (the depth of the 
foreign body from the tangent of the centre of the cornea) is taken and plotted 
on the E section of the chart 

A OR B READI^G — ^To take this (the horizontal distance from the rertical 
zero hne m the second radiogram) the shadow of the indicator ball m the 



Fio 697 — plate for Sweet s localtsatioo 

second (oblique) radiogram is made to coincide ivith the nght or left indicator 
I all on the ] ey plate 

The A (or B) co-ordinate which crosses the shadou of the foreign bodr b 
read and plotted on A or B Imes m the chart (Tlie vertical co-ordinate 
should be the same m both readings ) If the tube was accurately centre 
in Its liolder the shadow of the mdicator ball m the radiogram inlJ coinci e 
with those on the 1 ey plate and it will then not be necessary to reset the ra lo 
gram to read the position of the A and B co-ordmates 
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benring cross ires %\ hicli can be mored back against the do ed eyelid Tlit n 
Ls a deface for inarhing the quadrants of the e^e (o) and a knob m front rf 

the cross \Mres to fnciLtate 
fluoroscopic c-cntring (7) 
Techuqu& — Place the 
patient supine on the couch 
Mitli a support under Ife 
neck and fit the head k 
tliat the cross \nre rings are 
parallel to the couch toj 
Ask the patient to look 
\ertitalh up at a point on 
the ceihng Mith Ins sound 
eje Tliisfixesthedamaged 
tje Adjust the frame till 
the cross wires are over the 
centre of the pupil Screw 
the nng and cross wire 
genth back against tie 
closed etehd of the daniai’ed 
e\e B\ fluoroscopj wath the under couch tube adjust the central ra\ and 
head till the shadows of the cross wares and knob are supenmpo-^d 

Tht EjiposuTfs — La\ a dental film on the ring and cross wares m a plane 
tangential to the centre of th*^ cornea Make two exposures on the ‘•ame film 
the tube displaced first 3 cm to one side of tJie centre point and then 3 cm 
totheother ’'votethetube filmdistance wjnchshopldlienotlesstlan^cm 



Charting the Radiogram and Interpretation 

] To sf oir (he Surface Position of (he Foreign Body — Transfer tlie shad w 
shift measured on the film to the chart F which is squared m milliniefrc'' 
(Fig "OO) In It S‘ and S* represent the shadows anci T* and T* the tube 
positions P IS ti e actual position of the foreign bodi in the plane of the film 

2 To slioiL the Depth of the Foreign Body — 'Measure verv accuratch 
with fecrew diMdeis the shadow shift in millimetres Let this 1» mm 

_ A ^ S o30 / 2 

Tlien bi tl e formula J) ^ ^ ^ j = 1< mni 

when A (anode film distance) o30 mm T (tulie '•liift) = W nim 
S (‘•IndoM shift) 2 mm and I) the depth from the point P on tie f 
of th( film 

3 To determine if the Foreign Body at this Depth is really Intra ocular c 
It must be noted that althoUc,h the suspected shadow is within the outline o -c 
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the point P* IS uithin or ^^lthout the circle d-e (In the example illustrated 
It IS "i^ithm (Fig 701)) 

If ithin (as in this cas-e) the exact position m the globe can now lie stated 
as follows 

The foreign bod^ is 
above 

8 mm 7 — \ — the central corneal axis 
below 


o mm to the 


temporal 

nasal 


side of the central comeal axis 


17 mm deep to the plane tangential to the centre of tlie antenoi 
surface of the cornea 


The charts show the foreign bod 5 to be to the outer surface ol 

the ejeball 

(^\ote — In a case where the point P is m the lower half of the cle^atJo^ 
view mstead of the upper half as shown draw the plan diagram m exactlr the 
same waj and m the section cut awaj under the greatest diameter of the 
ejeball mstead of a6oie ) 

Ahlbom s Method — Hugo Ahlbotn has described <* procedure arhich com 
bines the phjsiologicarandgeometnc methods In it he attempts to aaoicltbe 
individual pitfalls of the different methods Thus he ehminatcs the magnifica 
tion of the radiographic image hy using a tube film distance of 2 7o metre* 
takes special precautions to fix the optical axis of tlie damaged e in the dc'ired 
line and bv the u«e of an aluminium wedge m the lateral view is able to «hoir 
the cornea free from other structures and the foreign bod^ m the orbit on one 
ind the same film For the details of Ahlbom s method the reader is referred 
to his original paper 


Stereoscopic Methods 

Alanj workers have attempted to locah'C intra-ocular foreign bodie 
stereoscopicallj The most sxstematised method is that of Henrard Hi 
routine is as follows 

(1) Pre limin ary film in a position 

(2) Lateral stereograms of the eye the cornea being cohered with a contact 

^lass (cagup de. Tr/Avij/,! and the eye. Jonkui^ fdra^ght fon\ ard 

(3) Three successive radiograms the tube and head stationarv t! c eve 
looking respectively up forwards and down 

Henrard s method thus combines the phvsiological and geometric metliods 
but neither very accurately 


Simple Methods 

Arganaraz’s Method consists in taking postero anterior and lateral vie« 
of the damaged eye the position of which is roughlv marl ed h^ a wire nr 
of the same circumference 



Wessely’s Method — irmdy nses i contact ghss [coqve lU Wessely) w^ith 
an ojwique ring nt the site of the hmbus Postero anttrjor and profile vjen‘» 
are tnhen and the x«>sition of the foreign hodt relatne to the gla*® is dearly 
<ieen WHnt is not ipiiarent lionever is the relationship of tlie gla^s to the 
e%e Tins is a source of error \iiother difficulty is fitting the contact glass 
to a cHnngedeye 

Velter’s Method — In this metliod a tm> lead shot is sutured to the upper 
hunt of the cornea and one to the loner (at twelre and siv o’clock) Postero 
anterior and lateral viens then shon the position of the foreign body rehtne 
to the hrabus This is a simple and fairh acewrate method and very useful 
in irar conditions 

Comberg’s Method — In 1937 described a method innhiehhe used 

as marker a comeal contact glass similar to those ii«ed for the correction of 
ametropia but beanng four opaque dots spaced on tlie circle of the limbus 
at angles of 90 degrees 

In this method tiio aaews arc taken, a postero anterior and a latenil 
profile 

Tor the jiostero anterior view tlie central ra\ is first directed ^e^tlcaU^ 
downw arris on to a small muror on the couch top the mirror set at an angle 
of 45 degrees Ilie mirror bears a cross line marking An electric light is 
jilaeed 2 metres awax horizontal intli the mirror and in the hue of reflection 
of the central ^a^ a\is of the tube A film is placed i« situ under the mirror 
Tlie patient I's then placed on the couch the head m the cbm nose position 
The damaged e^o wearing tlie contact glass has Us optical axis centred on the 
tio-ss Imc'' on the mirror (This can be seen by the ob«eT\er from the side ) 
Jhc centril raa and the optical n\)» thus coincide Tlie mirror is removed 
and the exposure made Tlie lateral or profile vieu is taken u Uh the patient 
meet and the central ray in the plane of the hmhus of the damaged eye 
llie localisation from theso two aaews is ver\ simple Tlie profile view 
the distance of the foreign body bchmd the plane of the limbus On the 
postero anterior -neiT a luie is drawn mntmg the two fronto malar sutures 
This giNCs tlie horizontal line Two lines are drawai yommg the opposmg 
m irkers of the contact glass The point of intersection of these two indicates 
tfie optical avis The eiiatfow of tbo foreign bodi is joined by a fine to t/ua 
i\is iioirit Tlie distance of the foreign body from the optical avis is then 
eisil\ measured al«o to see the angle made bv this line with the horizontal 
Ihi- annoiis measurements are plotted on to the chart 

" Bone-free " Methods 

Tliese are of value m showang tlie antenor part of the eye 
I ogt and Lindbhm have dcscnlied simple methods m whicli a small film 
!>> prc« cd into one point of the conjunctita and the tube centred on it from 
the other «ide In I ogls t«o views the film is placed on the in<val side and 
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inferior coujunctiral jsac respec- 
tirelj". LxndUom u«es 
superior conjanetiral sae instead 
of tbe inferior. 

Franceschdtl has described 
a method in which he intro- 
duces a small film, containe<I 
in a steriUsed eellopliane en- 
relope. into the orbit throngh 
an incision in tbe conjuncth'a 
on tbe na<^I «ide of the eje. 

Contrast'medium Methods 
These are used to outhne the 
posterior part of the globe. 

The injection of contrast 
media into Tenon's space has 
been tried br a number of 
workers: air by i'tcKni'^and Htrremchtean, Gc^tigirand Graiifr,Sp(Kl'man', 
iodipin by Tarh^rov and diodrast by Kalz of Chicago (quoted by 

Hartman). These 
methods are still more 
or less in the e.^wn- 
mental stage. 

THE LACHRYMAL 
GLANDS 

The lachrymal glands 
are nonnally quite in- 
visible in a radiogram. 

Schnaudigd has de- 
scribed a OS'* in nliicli 
a calcified laclirymal 
gland was clearly ^nsible 
ra a racfiograni ITie 
lachrymal glands may 
be grossly enlarged in 
Mikulicz’s dw-ase. and 
so east a soft -tissue 
shadow. 

THE TEAR DUCTS 
Tlie osseous canal 
may be shown by an 




Fig. IfJi.— Dacryocyaiography. of lower 

part of nanalduct followxniran injury which oeeum«! 
dunng ao antral operation. Xote iip»o>Iol outiuiuif 
tbe marsm of tbe upper Ii<i. 
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axial xacliognm, usuig an mttnbiiecal oi 
dental film (JSruneth Aop^lottf, Toffi)^ 

Dacryocjstography — Tlic c^nalicuJi, 
laciirymnl sac, and na'uil duct mxy be 
‘shown bj the injection of hpvodol BoIlacK 
in 1024 was the fir^t to ii'se this oonttast 
incduim for this in\ cstigation since when 
It has come mto general ii^c 

The tecluuque is simple Tlie s^Tirigc 
Is charged with warm hpiodoi anil the 
tine cannula is pa«aod into the lower 
cnnahculu'« About 1— 5 c c is injected and 
It maj be advisable to tlraw off nn\ fluid 
01 pus in the lachrvmal sac before mjec 
ting 4 little of tlie hpiodol nibbed 
along the ejehahes givc-i a useful oriental 
mg mark jx a radiogram (Fig 702) 

If the ndiognms are taken soon after 
the miection, the camUculi should be . .. 

TOiUe , noroiallj tl.ej retim -omc of 11, c jL,! 

lipiodol for a nunute or two and longer if 

the patient keeps the eyes gentlj closed 

Stereoscopic postero anterior and lateral mcw^ «hoiild be taken 

Tlic chief use of the met iiod is m the determmation of stenosis or obstruction 
of the nasal duct If dacryoe\sto rhmostomi i» contemphted daerjoejs 
tog^aI)h^ Jna^ give U'-eful information regarding the ^ite of tlu narrowing and 
the exact position of the hchnmal ‘tac 

The radiological criteria of ob<tnictio(i ire dilat itioii of the fundus of the 
•lac, narrowing or obliteration of some jnrt of the duct and failure of tlio 
centrist iiiediutn to jnss mto the in«>al (Figs 70 1 and 704) 
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CHAPTER LIX 


IXTRODUCmOX 

Ever sijsCE the diseovcrj of X raja b5 Profcs'sor Bottlgai m IS9 j, radiologists. 
ha^e been attempting to reproduce photographicallj the moving shadows 
‘'eea on the fluorescent screen 

The principle of the ordmarj cinematograph aas discovered in 1896, and 
the manifest advantagcb of tlus, could it be combined aith Xrajs, wa<^ 
quicUy apparent 

In 1897 John MacIntyre, of Glasgow, sUoaed a film illustrating the mo\o 
luents of the bones of a frog’b leg to tbe Glasgow Plulosopliical Societj The 
movement he show-ed was hfcliLe and informative, but the picture was of 
course, synthetic He had taken a number of ordmarj isolated radiograms of 
the leg in different positions, and then, arranging them inorder had transferred 
them to a cinematograph film This was an c\troordmarj feat, considermg 
the primitive and feeble apparatus m use at that time, and testifies to 3/nc 
Initjre'e ingenuity and patience 

METHODS OF PRODUCTION OF CINERADIOCRAPHIC FILMS 

So far there would apjiear to be onlv tliree wiijs by whicli an X raj 
cmeiuatograpluc effect may be obtamed 

The Synthetic Jlethod, bnefly described above 

The Direct Method, in which a senes of skiagrams is taken at short interval 
ujion a long strip of film 

The Indirect Method, in which a photograph is taken of the image appearing 
on a fluorescent screen 

Before descnbmg thc'te in greater detail, something must be said of the 
various early workers in this subject and the methods which they employed. 


EARLY HISTORY OF CINERADIOGRAPHY 


L\ 1898 Roux and BaUliazard made a number of strips each contaming 
12 serial pictures 3 cm wide hy C 25 cm long , these were exjiosed directh 
for a second each at regular intervals of 10 seconds, and represented the 
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mo%ement& of the stomach of rats and frogs About 1901 Canallo took a 
number of films of small objects and parts at a rate of 5 to the second using 
\ meehanism much like that of the ordinary cinematograph camera He used 
exposures at a 1 second interval to record verj sloii movement In 190 
Leiy Dom showed a synthetic film of the moiements of the knee and 
elbow joints obtained hj placmg m order a number of pictures taken at 
different times of different positions of the bones In 1 907 Kohler made b\ a 
similar method a film show mg the movements of tlie thorax m breathing In 
1909 KaesUe Kieder and Posenthal made several serial films of stomach 
movements on a rather large film with a 1 second interval between exposures 
In 191 1 Haenixdi devised an apparatus by which he could expose 10 jilates at 
>hort intervals bv fixmgthem on a wheel vvhich brought them one after another 
into position m the beam of X rays Poicter about the «ame time made an 
ingemous apparatus by which CO films— each m a holder — ^were held c!o«e 
together in a row and pushed forward so that each fell on its face immediately 
it was exposed L G Cole may also be mentioned among welllmown 
early worl ers 

Jarre and CummiriQ de«cribe the Cinex camera which they use at the 
Glue Hospital m Detroit for studying the kidney ureter and bladder 
riiev uso films o inches wide when investigating one side of the hod} only 
and 10 inches to P inches for both sides Tlieir pictures at any rate m 
1919 were perhaps not truly cinematographic for the interval was between 
’ and 1 second but this speed is perfectly effective for a good manv 
movements 

■ihcrc and lui colleagues Giantttrco and Litde at the "Mayo Clinic in 
■imerica have investigated the workings of the stomach and mtestmes of 
iiiimals « ith a direct apparatus n hich will take 4 to 6 pictures a second each 
4 Indies by o inches on 30 foot strips of film One must also mention 
Clavberlaxn of Pliiladelphia who produced some films of the heart bs tlw 
<Iirect method m 19'’6 

The above is not by any means a complete list of those irho have dore 
pioneer work m this subject but mcludes most of those who'^e v orl i 
well known 

A,niong the more recent workers mention must be made of T an de jiaw 
of Brussels of whose work more will be said later and A K Barclay who 
In nl o constnictcd a camera for use with the direct method 

t\orking with the mdirect method along the same Imes as the author a”? 
■Janfer of Bonn wl o has produced manv films Ixith of animals and lunian 
subjects Sfeuait ofAew York Dijan of Pans and /’wWi m Italy 



CHAFTER h\ 

■NIFTHODS OF CINEPADIOGR4PH1 
THE SYNTHETIC METHOD 

This was the origiml method employed bj Mat-lnit/rc and b\ ‘^•veril of tlie 
e'xrK worker^ wlio cniiie him While it cm be mide to gi\c a hfehkt 
rej)rc>cntntion of nlo^cJnent under ocrtnm condition'? its hmititioiis nre *;o 
greit that It i"? in it*, ongiml form no longer emploved 

A modificfttion of It IS however still ii.*,e<l In Itinde Ifoe/c and «oine othei 
worlen m which t sene of i oKted films is rapidlj tikcn the movement 
bem„ earned on the whole time A further note about this w ill be found under 
the direct method 

Tlu*, modification tan Uirdh be <onii>nred to Mnclntyre s ongxual process 
w liero a film w as taken the object to lie radiograplied liemg lield still as long 
IS was required then after one exjK sure being moved to a fresh positionieKdv 
forthenevt Tlien w hen the »enes)iad finally been completed thereTennmed 
the problem of tnn femng it to a stimhrd sized film for projection It was 
mr rooter quite u elcss for getting representations of mrohmtar^ movements 
hitch ns those of tlie ihmentarj cinal which could not lie kept statioinri 
while the C'vposure was made 

THE DIRECT METHOD 

In Its csscntiolh this metliod consists in passing contimialK into the j>o»ition 
normalh occupied bv tl e viewing screen or the caRsette n long strip of film the 
hinensioiis of which will van with the size of the held which it is desirctl to 
(over Tlve film is clamjied between two mtensifvmg screens and the rajs 
•,witthcd oil so that tlie film is etpo^cd in the usual manner 4s soon as the 
!■=. over thw film vwsse* wtong mid a second YActiwe li tal en an the 

same w av 

Tlie cvventtal ftatiiros of such an apparatus are that there thoidd lx? f-ome 
method of pa<fsmg such n large area of film into position and holding it alwo 
hitch still while the exposure is made, and then of earning it through the 
vanouis developing processes The«»CTequireiuents arc not casih fulfillcil and 
present inuiv serious inochamcal problems In order as far as possible to 
nummise the difficulties of designing the apparatus n rei,tncted field of 
4 inches b\ T luchew is usualh emplovcil butthl sets a limit to the parts of the 
bodv which can l>eevamincd 


rea 
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It IS of course necessary is in tlie synthetic method to repioduce tie 
serial si ngrams for projection purposes on a standard size (16 mm or 3o mm ) 
cinematograpli fibn In tins connection it must be remembered that if a 
smooth movement is to be obtained the film must pass through the projector 
It a minimum speed of 12 frames per second 

If it IS not possible to take tl e serial slTagnms at a siiffieientlj rapid rate 
ouing to the thicloiess of the part to be radiograpl ed or to the mechanical 
difficulties mvohed each skiagram of the senes may be printed tno or three 
times in succession on the projection film and the result is in this v.'iy 
stretched so tliat contmuity mtliont undue rapiditj is obtained 

However manv of tliese difficulties have been minimised Van de Made 
< f Bnissels has m particular been successful with this method 

Tlie following a brief descnption of Ins apparatus and an account of ) is 
technique serves well to show the modern development of the direct method 
of cineradiographv 

He uses Gevaert film coated with ordinary double emulsion and tie 
duneiisions of each frame are 120 mm long and 178 mm wide (approximate!) 
4 8 inches b> G 1 inches) Tlie edges of the film arc perforated at cm 
intervals with rounded holes these have shown no tendency to tear even 
after the film lias been run through the apparatus 10 times The problems of 
development are difficult because the ordmarv cinematographic tecluuque 
cannot be used on account of the double emulsion The film is developed m 
1 special tanl in which it is wound over a frame fitted with teeth vv Inch engage 
m its perforations This worker u«es a *’0 kv Pliilips Rotaliztube which ha« 
a rotating anode in order the better to stand up to hciv’v currents w ith a small 
focil sjiot The tube and its leads are protected bj a shockproof casing Tl e 
equipment has been nui habituall) at 80 l-v with a current of 80 ma for 
exposures of over 20 seconds with a lesser load the exposure tune has been 
lengthened to 30 seconds but the tube hag so far shown no signs of wear It i 
fed bv a 4 valve generator m a Graetz mounting vihich does not supp!) a 
continuous current but the output curve w considerablv flattened bv tic 
use of long shockproof cibles having a considerable capacitj Tliere is no 
leal of over imdiating the patient for m 20 seconds he only receives a do e of 
38 o r winch is ecpiivalcnt to about one nuith of the skin unit dose or tl at 
quantitj of X nys which will cause i moderate reddenmg of the skin Tbis 
economy of radntion is obtained 1^ the use of an obturator which ni m 
gemously sjnchromsed with the film and cuts off the rajs while the frames 
are being trav ersed For making records of tl e mov ements of abdomma 
organs a rotarj grid of the Siemens tj^pe is emplojed this rotates at 
r p m The function of a grid is to improve detail As this nece'sardj m 
terrupts a large part of the radiation it is not possible to take good pictures 
faster than ( i frames per second The apparatus is dm en by a 1 h p motor 
operated by 3 phase altematmg current It will run sraoothlj and continu 
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at a rate of 1C frames a second CHns admirable result is attained b^ 
perfect synchronisation a positive drive to the film a constant band of slack 
on either side of t))e projielhng appantus and a spring device bv -nlnch the 
reinforcing screens grip tlie film smoothir at ever} exposure Tor the 
purpo«e of projection the large negative is reduced to a 35 mm film 

A modification of this apparatus winch is still m its final stages of develop 
ment oveicomes the di£Bcult\ associated with the rapid traverse of a heaa'a 
band of film hv usmg a pack of single films operated bj a rotary feeder mth a 
contimiom moaement Tlie advantage of this principle over the ordmara one 
ba which the film his to lie stopped and restarted IG times in a second is 
obanous The frames measure 12 cm by 14 cm and are esqiosecl at the rate 
of IS pei second The negatives are leproduced in succession on orduiary 
cinematograph film for projection 

Van (fe Maek claims to haae solved the formidable mechanical problems 
of the direct method He now calls for improved mtensifying screens and 
more sensitive film to enable luni to improve bis ivsiilts still further 

THE INDIRECT METHOD 

Principle of the Apparatus —This dilTers cssentmlU from cither of the 
method!# previoiish described for whereas m their case skingrams were ob 
tamed which had afterwards to be reproduced photographical!} for projec 
tion here the image is obtained directl} on the photographic film ba the 
utilisation of the light from the fluorescent screen 

In order that a satisfaclorj result ma\ bt obtamed it is necessara to liave 

(1) \ aiifiicienth brilliant '«crcen image so that it ma} impTe«s itself on a 
cmematograph film c\|>o«e<l for a small fraction of a second 

Tins requires 

In) An \ ray generator of fiirlj high jiower 

|6) An \ raj tube that w ill take liea\} currents 

(f ) A lens w Inch w ill gi\ e fine dehnitioii with w ide ajierture 

(d) A cinematograph film as sensitive as poa=iblo to the light emitted 

ba the screen 

(2) Protection of tlie film m the camera from the direct radiation jiassmg 
through the fluorescent screen 

(3) Reduction as far ns possible of the load on the tube 

(4) Protection for the patient so that he may not receive an excessive dose 
t f ia\s tin l)cmg the most important of all 

The follow mg is a description of the indirect apparatus wluth^has been 
1 \ ol\ cd be the authoi and of his technique at the present time 

General Description of the Russel) Reynolds Apparatus —The radiographic 
and cimera unit'* areentireh separate from one another but both are mounted 
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on the «ame set of rails to J eep them m luie and allow of easy adjustment of 
the distance between thfem Tlieir controls are talcn to a common swatch 
table and by means of a single switch the camera unit can be cut out of 
circuit and the radiograpliic imit may be us“d b\ itself for the production of 

ordmarv skiagrams 
The Radiographic Unit 


T1 — This follows iioninl 

practice and consists of 

(1) A vertical screen 
mg stand of the usual t j pe 
for exammmg patients 
(Fig 70o) fitted with an 
alternative fluorescent 
screen wlucli i ftilh pro 
tected 

(2) A rotatmg bi e 
upon which the jatient 
can stand 

(S) A 10 kw Metahx 
tube of the hean anode 
typo fitted to the stanl 
withtlie usual diaphragms 
(4) A loin tians 
former 

The Camera Unit —For 
reasons of economy and 
ease of bandUng “v stan 
dard 10 mm ^ ictor 
camera is used (Fig "Of) 
To make the most of tl e 
light available it i» fitted with a Zeiss 0 So lens The film chosen is 
specially sensitised to the particular wave length of light emitted by the 
screen employed 

Protection of the Film in the Camera from the Direct Beam of X rays 
— ^The camera is placed in front of the fluorescent acreen and separated from 
It by a distance of 03 mclies Tins is an arbitrary distance but was cho'en 
because at this distance a convenient sized field of 12 mches by 15 mches was 
covered on the 16 mm film . 

The sheet of lead glass usually placed m front of the screen to ^ 

further passage of the ray s cannot be used becau'-e it absorbs at the ssme u 
about a quarter of the visible bght from the screen and tins is a 
which one cannot afford to lose m motion picture work 

Tlierc is thus a fairly powerful beam of X rays reaching the camera un 
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nml «o the latter is enclosed 
m •% -wooden bo-^ lined \\ith 
Jmm of lead which protects 
against botli direct and 
•‘cattei-ed radiation 

An aperture left m the 
front of the box uhich just 
fits the lens and it is found 
that the great thickness of 
the glass m the combination 
IS sufficient to protect tlie 
fihn as It passes the gate at 
ilie moment of exiKuure 
Protection of the Patient 
— The raas from the tulie 
are filtered through 0 o mm 
\1 to intercept the "oft 
ndntions as tlie current 
through the tulic inna as 
great as GO ina at a iimti 
imunofl20k\ Thedistancc 
of the anticathode to the 
screen vanes As evposiirea 
up to 10 seconds mav be 
required to obtain a record 
f a complete cade of moic 
ment the patient i» protected 
ind the strain on the tul>e 
rehered bj meaus (fa ‘ 

samchroniaing suitch 

It w worth recording that e\en with a 10 ccoml exj osure and the maximum 
current when the switch is ui use the total dose receu'cd b\ the patient is 
under do r and tlie author has gn tn a total exixisure of dO seconds and rejicated 
w "i tVift “sakw astx v-AV/awt at ?.U 

the patient 

The Sjnchromsing Swatch— Tlie following is a brief description if the 
a nchromsmg sw itch 

The camera takes " picliirev for earn rcaohition of the driving opindle 
and the shutter ojicns and eIo«es " tiin^ umfomdi during encli resolution 
riie intervals of tune durmg w Inch the -»Iiutter is ojien and closed resi>ec(i\ l1\ 
arcetpiil Tlie length of the exposure therefore can be exactly regulated In 
\ irjang the sjyeed of tbe driving spindle The function of the s>*nchromsm^ 
wwjtcJi winch IS placed in circuit with the primarv of tlie tmisfoniur is to 
vRtu — 10 
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sAMtcli on the tube durmg the time the shutter is o[en md to swtch it off 
\ lien the shutter is closed and the film is being transported Thus ensure*; 
tl at the patient shall only receue half tl e radiation he iioiild recenc if ti e 
tube \ eie snitched on for the whole time and the load on tl e tube is corre 
spend nglj reduced 

The switch itself is made of a flat disc of Keramot fitted w th appropriate 
eoj j ei contacts and rotatmg m an oil bath 

General Description of Camera Unit — Tlie component parts of tl e camera 
unit are inou ited on a metal platform which is earned on a vertical ram so 



tViat Its height can \e adjusted hj the operation of a foot pedal connecte 
with an oil 2 iump The driving shaft of tl e camera is rotated bj a sma 
sjTiehronous motor operated through a gearbox watli an adjustable rai ge 
of speeds as showai m Fig "O? The shaft is also coupled to a rotat no 
contact breaker which makes and breaks the inmary circuit of tl e ra) 
generator simultaneously with the opening and closing of the camera 
shutter As the motor is completelj synchronous and the speeds piovi 
by the gearbox are always multiples or sub multiples of the frequency 
the A C supply the camera shutter opens ni t only m synclironism w d 
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oiraiit bfe'iker whtcli indirectly tontrols the high tension supplj to the X rij 
tube hut aho in tomplete spiehronism with the A C impulses of the prunar\ 
circuit In this u ii the i>eriod of time dunng u hicJi cich imlivKliitl frame is 
expO'.ed to the light from 
the screen corresponds 
exactly toagiven number 
of A C impul'es This 
ensures that each frame 
receives the same e\ 
posure Fig 70S illiis 

trates arhat happens , _ „ ^ - . , , . , 

* * ft OH — R apmtn of tl o /iclironf m of oswpm ihutlfr an 1 

u hen the camera is i r at <i fr re* t oxpo^oro sfx'cd- 

ojjerated at snicliron 

ous speeds and aKo ulnt maj hapiicrt uhen a non s^auhronous speed — 
e g 10 frames a “second — is selettetl 

One of the major problems encountoted m dt.signin".the gearbox u is that 
of ensunng that no neutral oi free iw-^ition « is possible ulion changing from 
one speed to another If this h ipi»ened the camera shutter or circipl hreaker 
might be maihcrtenllv tunied the rclaiion^hij) lictxvecn the alteration of the 
primary siipplv and the oponmg and cloMjig of tlic camera simtter migJit be 
disturbed and tlie tmiuig might be throun out of phase The^shuttci^might 
Btill operate syuchronousl> hut uould lie out of p!in«e m ith the voltage supplj 
of the tulw \\ heu working at 50 frames a second it might uoLl lie just so 
much out of phase that no cnergi uould jcaoh the linorescent serpen duruig 
the period when tlie camera shutter was open As the unit u* designed to 
operate on n 50 cj cle supply tlie frimc speeds ijelected are oO, 25 121 lOj.and 

frames j>er second — all sub muUiplcs of 50 TJie control which changes 
gear simultaneouslj operiteS a pointer which mdicates tlie conesjiondmg 
frame ‘■peed 

Complete synclironisatiou is maintained b\ a numljer of ke^s inside the 
gearbox which shde in keywajs in the main driving wheels and ensure that 
the drue to the camera is not taken up until the relation of the key to the 
1 evwaj in its corresponding wheels is exactly correct 

The v\hole of the switching arrangements for the camera unit are included 
in the control table for the X rav transformer unit The} are so arranged 
that when the control switch on the table is turned on, the drivang motor Ls 
automaticallj started and runs for a predetermined number of seconds, after 
which It IS automatiealU switched off Tlie contiol table also operates a 
contactor bj means of a simple switch, to short circuit the circuit breaker niid 
mterrupt the supply fo the sjDchroootia motor m order that the etpupment 
luaj be used for ordinary routme radiography The cover of the camera unit 
mcorporates a source of red radiation direct^ towarik the fluorescent screen 
m order to “ kill ’ after glow The camera lens is shielded by means of a long 
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hood to preAcnt any reflected hglrtfrom reachrngthefrontsnrfaceof thelens 
A door m the A\ooden cover allows readv access to the camera whicli can be 
easilj removed for reloading and adjustment 

Tli« base of the camera can be rotated tiiroiigh a complete circle m order 
that the camera imj be employed if desired m conjunction with more tlian 
one radiograidiic apparatus 

Size of the Field — ^The standard sized field for normal work lo 12 milies 
by loinclies and this is large enough to allow the w hole thorax to b« ine’uded 
but the flpjiaratus can be used to take pictures of an\ dimensions smaller than 
this w ith consequent increase m detail 

In fact a field 4 inches by 5 inches is fiequenth employed but no &ize« 
other than these for the extremely accurate focus required makes it undesirable 
to make too frequent alterations m the position of the lens 

Band Projection — It is only necessary to expose a sufficient length of 
film to obtain one complete cycle of an\ luoaement desired Tlie negative 
thus obtained is printed continuously on to a standard positive film and a 
short length say 3 feet of this again joined m a band ma^ be pas^ 
tlirough the projector indefinitely 

Comparison of the Direct and Indirect Methods — It is difficult to 
compare the direct and indirect methods isot onlv do tJiev differ essen 
tialh in principle but the ty 7 >e of result they produce tanes al o Thev 
should bo regarded as complementary de%elopments m radiological 
progress 

\\Tien attempting to compare the vanoits methods we need concern our 
sehes no longer with the first or Synthetic methol in its original form It iras 
at best only a temporary makeshift which was made necessary b% the ele 
mentary equipment then available 

The Direct method is expensi\e both as regards the film and the apparatus 
and it IS associated with man\ mechanical problems 

The results ohtamed should be a series of rapid serial skiagrams and show 
detail as good as those produced m the usual way Tlie\ should therefore be 

suitable for the consideration of slight mocements in small areas such as the 
barium washed nigie of the alimentary canal or the detailed inoiements o 
tlie py lonis 

Aloreoc er the apparatus is most likely to be a success in a research institu 
tion w here a large amount both of time and money is available and the 

methodsofhandling developing fixmg and photographing on to a film suita e 

for projection can be adequately carried out . 

The Indirect method on the other hand ischeaperandmoreeasilvmanag^^ 

The apparatus is best described as a straigbtfonvard "V ray set wath a 
cinematograph attachment A word of warning is needed here it ^ 
possible to place the camera unit m front of any X ray set and expect to 
result The handlmg of the film and e\en the printing of short lengt is su 
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•jble for projection as a band can b© earned out either in a ^riante house or 
in a hospital 

It is the metliod suitable for studying tlie functions of organs, and at the 
present time for tlieir minute structural detail it should be combined avith 
ordman still skiagrams aibich can be taken mth tlie same apjiarvtus 

FUTURE OF CINERADIOGRAPHY 

It must be remembered when discussmgthefutureof cineradiograjihythat 
as let there has been little time to do more than dea^elop an apparatus that 
«iU produce satisfactory results 

[Hio advantages obtained from a pennaiieut moving rceorfi of the organs 
of the bodv are obnous not onlj for the clinicmn but for workers m the 
allied medical sciences al o Until receutlj radiologj has been limited to a 
-tatie rendermg of shadows with tli< e\ceptiou of a screen examination which 
Is nicman^ed and interpreted bj the radiologist Consequently diagnoses 
hay e had to be made on films taken at a {larticular instant take as an example 
the sign of persistent filling defect m carcinoma of the stomach Such diag 
nostic criteria vnll always be fundamental but it is not too much to hope 
that we may now go a step farther and make diagnoses on function also 
The persistent deformity will remain but the movements of the stomach and 
Its rcaiionse to standard teclinique will vary from the normal 

It wall take tunc liefore these additional methods of diagnosis arc fully 
workedout The possibleshapesandpositionsofany moving organ are almost 
innumerable and until we can cafely state the hm ts of the normal we cannot 
attempt to diagnose wliat is pathological 

'>Iuoh work inu«t be done on all parts of the body suelt as the heart lungs 
ahnientary canal renal tract gall bladder and joints 

As this form of evamination is improved and comes into greater piomtnencc, 
^o also wiU its apjihcations incrcaijc Radiology itself devreloped gradually' 
and cineradiography must necessarily do the same 

We must firat work out a moving radiographic jhvsiology n niovin 
radiographic pathology will follow 

In the study of the normal and abnormal alike cineradiography may be 
III Us turn much enriched by tlie u«>e of the sound track to combine with 
the photograjihic reconl o synclironised record of audible i>lienoiuena such a'l 
the heart soumls breatli sounds speech and ‘souiuk produced by abnormal 
accumulation^ of fluid For the study of the heart in jiarticuhr the film may 
usefully incorporate a tracing of the electro caidiogropliic record and possibly 
«1 o of the recorrl made by the *dcn«ograpli or lonograph on apparatu?. 
wliicli giycs a «>ntimious mcasiwement of the quantity of Yravs pas-ung 
llirougli any given jiart of the heart and therefore of t} e tliickiicss of the 
Itcart imiscle at that jioint at any particular in^stanl The thief component 
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of the lonograjh is an ionisation chamber filled iMth niethvl bromide The 
instrument gives valuable information when used m conjunction with tie 
electro cardiograph 

Unless there is a radical and far reachmg change m the method of produc 
tion of X rays necessitatmg corresponding changes in the design of normal 
equipment it is unhkelj that the methods previously described for obtainmg 
emeradiographic pictures will be altered except bj improvement m details 
Workers m both the direct and mdirect methods haie tius m common — 
they require even faster screens witli the finest gram 

Those interested m the indirect method need m addition a faster fine 
gram cinematograph film and a lens with a greater aperture even than 0 So 
provided that definition can be mamtained 

The next ten jears will see great advances m cineradiography It is not 
too much to sa\ that before long physicians and surgeons may tbmk as little 
of askmg for a cmeradiogram as tbej do now of askmg fof a normal radiogram 
and that cineradiography will take its place as a routine procedure in 
suitable cases 



CH\PTER IM 


CLINICAL APPLICATIONS 01 CI\ER\BIOGRAPH\ 
EXAMINATION OF THE THORAX 

U HEN V Cinematograph film is made of the thorax for the stiidj of the liuig*? 
or cardiovascnhr t. 5 *stem practicalli the same routine is cimed out as regard^ 
the positionmgof tlie patient as when an ordinary V ray examination is made 
Hie e^’ential difference hes m the fact tliat tlie ixitient is required to more 
during the taking of the film 

Exposures are made at the rate of 12 jier second for normal adults and 
e%en faster {2o per «econd) in the case of thm adults and children It follows 
that it 13 alwajs possible to reproduce motements at the same speed is that 
at wluch tliej tool place and when films can be taken at the faster rate a 
slow motion effect is obtained 

WTien viewing the film for diagnostic purjioses it ts advisable to project 
It on to a screen ilxiut tiie same size as the fluorescent screen photographed 
the shadows then apiieir the normal size 

A slight degree of distortion of the true outline occurs of the sime nature ind 
degree as that preheat m iiu radiographic exinunntion m wlncli the screen 
anode distance is short (36 inches) am) to obtain the tnie size of the heart an 
orthodngram or teleradiognm maj lie nnde with the -Jiroe appimtus the 
oinemntogniph •’ttichment liemg cut out of circuit for the time being 

As tins method is especially designed to study the moiements of organs 
slight distortion i« of little impirtmcc 

EXAMINATION OF THE HEART 

Wien makmg a full cmeradiograpbiccxammation of the heart the custom 
arv positions antero po tenor first and second oblique nrenonnallj enqloied 
together with any special position which iiiav be thought advisable m any 
particular ca^e 

Here even more thin ui a plain radiogriphic examination must the tech 
nique be varied with the conditionof the patient for in addition to his position 
it IS necessary to consider whether he should breathe nornialh and qmeth 
whether lie should remain with breath held m citlierfull inspiration orexpira 
tion or whether one very deep breath should be taken dnrmg each exjxtoiire 
In general however the follow ing four films are made 
(1) ^^lth the patient rotating slowly from the first to the second oblique 
positions ^ 
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(2) Aiitero posterioi %vith the breath lield in full inspiration 

(3) Aiitero posterior ith the patient breathing quietly throughout 

(4) Pirst oblique with the jiatient breathing quietly 

(1) gives a good general impieasion of the whole thorax for the intra 
thoracic shadows As they pass m relation to one another a remarl able 
almost stereoscopic effect is produced 

(2) The aeration of the lungs increases the contrast and perhaps allows of an 
increased speed in making the exjiosure It also clears the surrounding struc 
tuio-» away from the heart and opens the intercostal spaces 

(3) and (4) Ihese are perhaps the most \aluable of all as they show tl e 
normal condition of the heart at rest 

The<-o foul exposures may be taken at one session any or all of u Inch mai 
be of 1 0 seconds in duration Altlioiigh one is still well wathin the limit of dose 
It IB adi liable to w ait until a later occasion for further examination to enable 
the result to be studied and an opinion formed as to what further film* 
aie desirable 

rurther information may be afforded by 

(1) A close up view of any particular area 

(2) \ barium swallow to outline the left auricle 

( \) A general view of the condition of the heart after exercise 

On examining the film of a heart one can take note of the follow ing ])oints 

(1) The shape size and position of the heart 

(2) Is there ana arrhythmia or an\ irregulanta m tlie auricular or aentri 
tuhi pulsation * 

(3) 1-5 the poncardiuni fiec at the cardio phrenic angles on deep insj uation * 

(4) The action of the heart ui the act of sneezing or cougliing 

(a) The action of the heart after violent exercise •* 

In pathological conditions one may also study the size sha] e arltl posijioii 
or ana calcification in the shadow of the aorta the heart s action m auricular 
fibrillation and other lesions where the beat is arrhythmic In some cases of 
pericarditis w ith effusion the heart may lie seen beatmg within the \ encardml 
cavit\ and the wa\ in which the pencanbal adhesions when present limit the 
moxements of the pericardium may be studied also the curious pi ton 
like action of the heart which is aeen in man\ cases of double artificnl 
pneunlothorax 

A permanent reconl can alwaxs be 1 ept for comparison with an\ future 
records made 

EXAMINATION OF THE LUNGS 

\\ hen examining the lungs the films are taken at the same rate as in the 
case ( f the heart — 12 to 25 jier second but the -variation m the technique « 

greatei It is however convenient to start with the following three positions 
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(1) Rotation from first to second oblique jiositions with the breath held 
in full inspiration 

( 2 ) Postero anterior nith tlie patient breathing norinalh 

(3) Pc «tero anterior with tlie patient tal ing as deep a breath as possible 
dunni^ tlie exposure 

In the normal chtst the regnlaritj of the broncho vascular tico the degree 
of traiKhicencj of the lungs which increases untfomilj wnth mspiration will 
lie noted togetherwitl the t jiie of bre itlimg whether thoracic or abdominal 
and all the iiMial points of winch mental note is made during the ordinary short 
fcreenuig ex immation 

With the breath held m casts of nrtifiml or spontaneous pneumothorax 
if the patient IS rotated am adhesions present will show up tlcarl\ ancltiieir 
position can be determined 
The extent of collaj) e can 
l>e appreciated with an\ 
variation in the ] osition 
of the heart and mcdi 
a^-tinum Rhcn the 
patient is breathing on 
deep inspiration there is 
freqnentU a consideiable 
lateral movement of the 
heart and mednstmuin 
and e\i»niision of the 
collapsecl hmg Should a 
caxitx lie present its exact 
condition is revealed 

The degree of asvm 
inetrj in unilateivl pam 
1\ Sis of the diaphragm 
nnv be noted In cases 
<f phrenic aMilsion or 
crush the diapluagni 
max shox\ ]iaradoxical 
mov ement 

I\hen the patient 
moves the fluid in 
a hx dropneumothora x 
n\at> is seen to splash 

Pmicularh xTiluable information is obtamed in eases of bronxluectasu? 
after a hpiodol injection into the bronchial tree Tbe patient nnj* be allowed 
to coimh during the exposure the effect of this coughmg on the dilated 
bronchioles shows up x\ell 



—Four rntm^ of ( ) a ihoras-ond (b) a bar j 
meal be ng sw allowed 
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All these movements can then be studied at leisure from the band^ of film 
made afterwards 

EXAMINATION OF THE ALIMENTARY TRACT 

Cinei idiographic examination of the upper part of the alimentarj tract 
has been carried out by the author systematically The results formed the 
subject of a Hunterian Lecture delivered by the author m 1937 

The movements uhich have been studied are those of 

(1) Alastication 

(2) Swallowing of solid and liquid food 

(3) Filling of the stomach 

(4) Normal stomach movement* 

(o) Passage of the meal through the pylonis and duodenum 
DEGLUTITION IN THE NECK 

Liquid food is projected to the back of the mouth by means of an up lard 
ind backward movement of the tongue The stimulus from this sensitive 
area causes the supraliyoid and associated muscles to draw up the hyoil and 
the rest of the pharynx which is attached to it The hyoid is drawn upward 
backward and rotated about a lateral axis and the food is then jerked mto tlie 
pharynx which is waiting to receive it This jerk probably performed by tie 
muscles of the bad of the tongue carries the bolus over the epiglottis 

The liquid then passes rapidly dow n clinging to the sides of the ffisophagn^ 
which seems to bo dilated to receive it It does this under the influence of 
gravity and not by means of a peristaltic wave 

On reachmg the thoracic miet the food is held up by a constriction at the 
level of the aortic arch It collects here m the form of a cone until it is 
allow ed to pass into the lower part of the ojsopliagua 

Solid and semi solid food behaves in the same way until it reaches tlie 
aortic arch 


DEGLUTITION IN THE THORAX 

After the bolus has reached the level of the aortic arch it may act m one 
of three wavs 

(1) The food may pass down continuously under the mfluenco of gravity 
in a tliin stream and be held up at the cardiac orifice by the contract ion of tint 
sphmeter In this case the oesophagus fills up like a test tube until the pressure 
of fluid IS sufficient to open the cardia when all the food enters the stomach at 
once tlirough the narrowed onfice m the diaphragm The barium passes down 
the posterior wall and has a lionzontal upper level 

(2) It may pass down as m the previous case but with the addition a 
intervals of a gu^-h of fluid which jiassing rapidly dowm the oesophagus un er 
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the influence of enters the stomach directlv nithout anv deh\ tt 

the cardn 

(3) The liquid mav into the stomach m a constant thin stream under 
the influence of gravity In such a case there is no delav at the cardiac orifice 
and the liquid passes straight into the stomach It appears to pa'ss domi the 
CBbophagus mamly along the jw^tenor u all 

Sohdfood IS held up at the level of the aortic arch and afterwards it passes 
slowl} down the cesopUngus not under tlie influence of graaaty hut h\ pen 
stalsis It passes doim acr^ much more slowly than is the ease with liquid 
food Wien it reaches the cardia it parses straight through ns the wave of 
peristaltic relaxation reaches the sphmeter 

Semi solid food vvhioli is too thick to flow easil} and jet is still liquid 
passes down bj penstalais m the same uaij Here again it pa'vses into the 
stomach w ithout anv delaj 

FILLING OF THE STOMACH 

The food enters the stomach through the coinjnrativelj narrow cardiac 
orifice It first passes into the upper passive part of the stomach uJiicli 
comprises most of the fundus 

No penstnltic contraction occurs here and the organ inertly dilates under 
tlie normal muscular tone as more food enters it 

Wien the pressure of food in it reaches a given amount the op tqtie emulsion 
falls into the second portion 

As soon as the second part of the stomach is distended with food peri>>taUi8 
commences and the foo<l is pa'ssed along to the thinl or pyloric part 

Tlie contraction of the muscle during peristalsis causes a rise m pressure ui 
the second part and the food taking the jiath of least resistance is momentanlj 
regurgitated into the first part 

The remamder of the food is carried along to the third part by w Inch it i-? 
forced by general contraction into the duodemuu 

All tins takes place vert rapidly ui a stomach w hick 1ms good tone In one 
of the films the emulsion was passing through the duodenum within 20 seconds 
of bemg swallowed by the mouth and the barmm can be seen parsing mto the 
]e]unum while the rest of it is still entering the stomach or pa'ssing from tlie 
first part of that organ to the second 


MOVEMENTS OF THE NORMAL STOMACH 

Ihe normal stomach may be broadly divided mto two mam tj’pes— the 
lontc and the 7ttfpolonic 

Tlie first IS vigorous m its action and lies high up in the ab lomen T1 e 
second lies low in the abdomen and is sluggish in its action 
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Tlie stomicli itself can be divided into tliree iiarts iihich are best studied 
in the tonic and acti\e type 

The first part is passi\e acting only as a reservoir for the food 
In the second part movement takes place and is of a peristaltic nature 
commencing as soon as it Ls distended with food The peristaltic Ma\e carries 
the food into the third part where a general contraction takes place whuh 
forces the meal through the narrow pyloras into the duodenal cap 

In the hypotonic stomach these three stages are not so well shown but the 
generalised contraction of the third part seems to be invariable as alsoisthe 
pa&snit} of the first Whether the second part undergoes percstalsis is not 
so clear 

It IS possible that the change m cliaracter of the movement depends ujon 
the different arrangements of the muscular coats of the vanoas parts of 
the stomach In the first part of the stomach there are manj oblique fibres 
and few circular In the second part the circular fibres are more numerous 
and It is here that peristalsis starts w hile in the tlurd the circular coat ts ren 
thick and some of the longitudinal fibres are interlacmg vnth it this would 
allow of the generalised contraction already noted 

It will have been noticed that the passage of food tlirough the duodenum 
does not sjTithronLse with the time of its escape from the stomach This mar 
be duo to the fact that the circular muscle fibres of tlie stomach are not con 
timious with tho'e of the duodenum and only a few longitudinal fibres whuh 
ire not so concerned with peristalsis pass betvreen tlie two organs 

EFFECT OF DELAY ON NORMAL STOMACH 
Both tome and hypotonic stomachs contract vigorously when thej are 
•suddcnlj distended u itli a large quantity of food This is presumablv because 
the muscle fibres are stretched and react by contracting 

\ftei a short while the fibres lengthen and the organ becomes adapted to 
the large bulk of food the stretching of the fibres no longer occurs so tl e 
stimulus to violent contraction w no longer present 

The most active part of both tj’pes of stomach and the part that goes on 
acting longest is the pylonc end but even tias becomes less vigorous and 
fiinllv does not force enough barium through the pjlorus to cast a shadow 
Even early m digestion tlie =econd part of the hvpotonic stomach becomes 
quie-icent As the food now remains longer m the stomach it can be better 
mixed with the gastric juice but even so in the tonic stomach 20 minutes 
after food has liecn taken it is still pa'-smg rapidlj through tlie duodenum 

EXAMINATION OF JOINTS 

\ cineradiographic examination is of great value m the studv of joint 
movements Specified movements of all kmds maj be careful!' etamine 
in liealth and di'^ease 
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lifting tins method of 
examination it is interc‘«t 
to note tliat the ninti 
mum movement in flexion 
and extension of the 
cervical spine tales phee 
littvvccn the fourth and 
fifth and fifth and sixth 
lervical vertehra3 

In ca'-es of trauma m 
the ttrvica! region tlis 
placement of a vertehiil 
l>od\ and limitations of 
movement in mduidual 
joints due to the presence 
of adhesions have been 
ilmgnoscd 

TheloeJ mg movement 
uhich tales place m the 
normal knee joint on ex 
tension of the log li is lieeu 
studied 

It IS perhaps pvrticu 
hrlv in the field of ortho 
p®dic!» that the close uj* 
t xaminntion of a limited 
are i of 4 inches hv o mthes 



«•) (') 

Vn, 710 — tour frm« of {a) o Vj oo uni (t) at ell 
lonng movement 


IS of vulue 1 Ills method giv'cs a lugger image « ith finer detail and its \ alne 
IS excnijilified bj studving the condition of the mtercarpal joints 


CONCLUSION 

l\ hat has been stated above is little more than a brief sumiimrv of tliv. more 
imjiortant applications of cinoradiogr»j»li> five close uj) metliod can lx? used 
for examination of the gall bladder or pelvas of the 1 idnej etc just ns is done 
m the direct method of cmenmtographj 

A cmcradiogTiphic investigation enables one toobtaui a rapid inex{H?n.sivc 
uid pcminiioiit record of the functioning of active organs and movang joints 
Tlie contimious Ixamls of film enable one to sttidv movements for an m 
lefiiiitc period v\ Inch lias Ik?cu impossible heretofore 

The recording films imv lie ««!ed for (a) purcli diagno tic jmrjm ls , 
(h) comiKvrison with former roconls to studv the effects of treitmeiit or the 
) rogtess of a pathological condition (r) teaching purjioscs (d) transiiiKsu n 
nbroul or cl ewheie either for the jmrpose of obtaining sjx?cialists ojtinions 
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on the nature of the case ot for informatron as to the condition of the patient 
m the past 

Cineradiography is still in its infancy So far there has not jet been time 
to make anjdhmg like a complete study of its advantages and possibilities in 
any one of the directions indicated, quite apart from the Mst field of iiork 
coveied bj modem radiology 
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metalxJi-m, 337 I 


Bones, absorjition of iimler pathological eon 
ditions^, effect of blood-sujply 

effects of tumours on, 331 
general factors, 333 
inflamniatory conditions, 329 
mechanical factors in, 321 

actinomv eosu of, 453 

aiid joints, deformitits of, tong'nitrl, 
general eonsideratlon-s on. 311 
(||sea es of, of constitutional or unkuo vn 
origin. 513 

etleci of lesions of upper and Ion er motor 
neurons on, 405 
examination of, routine of, 2ol 
normal appearances of. general, 231 
in adults 252 
in children. 253 

Htatic and parafvtic lesions of. 4'*3 
nv philis of, 430 
traumatic le«ions of. 337 
late htcjucif of, 389 
aiicu/} sm of. <>91 
blastomvcosH oT, 454 

blood supply of, effect of. ou al sorptic n an J 
depo ition 333 

salvium content of, changes m, SI** 
cancellous, 395 

<rineot hoes and ‘ n)OsBio”«tructufeof,3)8 
igment substance in, 303, 394 
ctrccidioida) granuloma of, 454 
sompset, 395 

Islands of, in eilults, appearances of 24 
ivstaof. 630 

arthritic, raihojogieal appearane^ of, ' 41 
classification of Bloodgoorl » f 37 
KnaggsV, 037 
raihoTopieal fRoWl«), C3s 
Tibromatouii, 042 

hvdatid, radiological appearance- of, 041 
■n generalised dLseasca, ra'iiological ap 
pearances of, 039 

mviDchondromatou-s. railiologiea! 8pi>^r 

ances of, 640 

simple, and fibrocvstic di-ea-e. rrlatm 
lx.tween, 030 

and osteoclastoma relation Iietwecfi.lj' 

radiological ajipearances of, 61’* 
traumatic, 393 

radiological appearances of, Ol" 
d,rad, reaction of tissue* to, 325 
dc-diRerentiation of into connwAvvc vc 
histological evidence again t, 315 

<le|) 0 'ition of, 395 

meclianism-s of, conclusions on 3— 
under pathological conditions ralfiim 
metabolism, 33* 
effect of Mood supply oju 333 
effect* of tumours on. 331 
general factor*. 333 
inflammatorj condition'- 3- 
mechanical factors in. ■»- J 
necrosis, 325 , , 

di-easea of. inflammatory, uncoromm, 
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c 

Calcaneo astragaloid, anterior, and a^tragalo 
navicular joint apace, 280 
posterior, joint space, 280 
Calcaneo cuboid joint apace, 280 
Calcaueum, epiphjsis of osteochondritK of, 
489 

Calcaneus accessorius, 279 
aecundanus, 279 

Calcification, cutaneous and aubcutaneou*,, 054 
due to therapeutic injections, 6G7 
in arteries, 647 

in hsmangioma of muscles, G48 
in hxmatonia, C49 
in soft tissues, 644 (>46 
m\eins. 647 
of parasites, 660 
Calcinosis circumscripta, 654 
unisersalis, 655 
Calcium balance, normal, 337 
gluconate, injection of, opacities m soft 
tissues due to, 667 

metabolism m relation to skeletal changes 
337 

Calcuias of brain, 64 

Camp and Giantorco apparatus for radio 
grapby of optic foramen, 17 
Caualsf bony semicircular, anatomy of, 332 
Capitetlar epiphysis, ossification of 265 
Carcmomatosia diiferential diagnosis of, 5ti7 
osteoclastic, 565 
radiological appearances of, 566 
osteoplastic. SOS 
radiological appearances of, 567 
Caries sicca, 435 
Carpal bones, fractures of, 375 
Carpo metacarpal jomt space, 366 
Carpus, normal appearances of, 256 
ossification of, 262 
Carte geographique, 539 
Cauda equina, tumours of, 190 
Caudate nucleus, tumours of, \ entnculogrsphv 
in, 106 

Ceplialocmle, 166 

Cerebellar tumours, sentriculograph} in. 1 10 
Cerebrospmal fluid pathways, anatomy of, 72 I 
Cervical nb, 352 I 

Charcot s joint, 446 | 

diagnosis from tuberculosis of knee. 433 | 

radiological features of, 448 
Chloronia, bone uivoUement m, 632 
Cholesteatoma, complicatmg mastoiditis, 245 
intracranial, 148 
skull thmmng in, 40 
of skull, 177 

Chondrodysplasia deformmg, hereditary, 593 
Chondroma, multiple, 517 
diagnosis from gout, 537 
radiological appearances of, 596 
sites and piatbology of, 597 
sarcomatous changes in, 624 
single, sites and radiological appearances of, 
595 

Chondroosteodystrophy clinical and radio 
logical features of, 51C 


Owndro-ostcodystrophy, effect on mtenerie. 
bral discs 500 
Hurler type, 517 
Chordoma, intracranial 150 
of skull, 177 

Clwroul plexus, calcification of, 52 
Cliromophobe adenoma, 131 
Cineradiography, 763 

apparatus for. Bassell Reynolds, 767 
clinical applications of, examination of 
alimentaiy tract 778 
of deglutition, 778 
of effect of delay in emptying on 
normal stomach 780 
of filling of stomach, 779 
of heart, 77a 
ofjomts 780 
of lungs, 776 

ofmovementsofnoTTnalstomach, 779 
of thorax 775 
future of 773 
history of, 763 
methods of, direct, 703 765 

liirect and indirect, comparison of, 772 
Russell Reynolifa apparatus end tech* 
nique, 767-72 
indirect 763 767 

indirect and direct, comparison of, 7*i 
synthetic, 763, 765 
technique of, RusseU Reynolds 767 
Clavicle, examination of, 270 
bremaDgjoraa of, 604 
inner end of, 270 
ossificetion of, 270 
outer end of 270 
shaft of, fracture of in adults, 370 
in infants, 869 

Cleidocremal dysostosis, hereditary, 3t!l, 


effect of intracranial 


357 

Clinoid procea.->es. 

tumours on, 49 
normal, 46 

Club hand, congenital 358 
C3utton a jomts, 445 
Coccygeal sinus, 669 
Cociyx, examination of, 299 
Cochlea, anatomy of, 332 
Coeliac disease, skull in, 172 
CoHex’ fracture, 373 

Comberg a method of localisation of foreign 
bodies m eye, 757 

Condyle of mandible, hypertrophy of, 740 
Contrast media, use of, in diagnosis of btwi'i 
tumours 667 

of cerebral conditions, 71, 88 
of eye conditions, 745, 747, 758 

of fiitul® and smuses, 667 
CooW s anemia, bone changes in, 559 
akull changes 
ica, examinati 
Corpus callosum, tumours o 
m. 106 

Coxa vara, adolescent, 3S9 

diagnosLS from tobercolosis, 43J 
al*o Epiphysis, slippcil 
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Epiphyseal ecar, 253 

Epiphyses, accessory, in children, 254 

femoral, osteochondritis of, diagnosis from 
tuberculosis of hip, 435 
involvement of, in osteomyelitis, 409 
of bones of foot, 27G 
of elbow jomt, ossification of, 265 
of shoulder jomt, 269, 270 
ossific nucleus of, in children, 253 
slipped, ffitiology of, theories of, 389 
differential diagnosis of, 391 
incidence of, 389 
pathology of, 391 
radiographic appearances of, 391 
Epiphysitis, vertebral, 477 
Ethmoid, osteoma of, 224 
Ethmoidal cells, anatomy of, 294 

developmental abnormalities of, 204 
osteoporosis of, 224 
Ewing s classification of sarcoma, 615 

tumour and sclerosing osteomyelitis, aimi 
larity of X ray appearance* of, 409 
Clinical course of, 026 
pathology of, 027 
radiological appearances of, 026 
Excision, radical (Bankart’s), of hip loint, 
507 

simple, of hip joint, 507 
Exophthalmos, unilateral, causes of, 58 

examination of orbit and optic canal id, 6$ 
Exostosis, apical, radiological appearance* of, 
708 

excision of. 611 
multiple, 093 
nomenclature of, 0S7 
single, 691 

Extremiey, lower, bones and joints of, norms}, 
271 

malformation of, congenital, 361 
upper, bones and joints of, normal. 255 
malformations of, congenital, 356 
Eye ear line, 9 

Eye, foreign bodies in, 746 See also Foreign 
bodies in eye 

radiological examination of, 745 


F 

Fabella, examination of, 285 
Facial bones, fractures of, 396 
Fairbsnk’s shelf operation, 507 
Fa\x cerebri, calci&ed plaque of, 5, 9 
Femur, abnormalities of, congenital, 361 
head of, epiphysis of, ossification of, 290 
osteochondritis of, 481 
translucencies m, 289 
lower end of, exammation of, 284 
fractures of, 380 
ossification of, 287 
neck of, fractures of, 377 
base, 378 

intertrocbantenc, 378 
midcervical, 378 
subcapital, 377 
unioA in, 378 


Femur, neck of, fractures of, osteochondntu 
of, 489 

pilastered, 288 
platymenc, 288 
shaft of, exammation of, 288 
fractures of, 378 

upper end of, exammation of, 288 

osteomyelitis of, diagnosis of, from 
tuberculosis of hip, 435 
structure of, 289 

Fibrocystic disease and simple cyst of bone, 
relation between, 636 
focal, diagnosis from xanthomatosis, 540 
Fibrosarcoma, medullary and periosteal. 623 
Fibula, coultered, 282 

head of, ossification of, 286 
lower end of, exammation of, standard 
views for, 281 
ossification of, 282 
malformations of, congenital, 361 
shaft of. examination of. 282 
upper end of, examination of, 283 
fracture of 381 

Pilaria Bancrofti, calcification of, 653 
medinensts calcification of, 654 
Fistula, branchial, 669 
complicating mastoiditw, 247 
preauricular, 669 
thyri^lossal, 668 
umbilical urmary, 669 
Flat foot, 405 

Fluoroscopy for localisation of foreign bodies, 
67l 675 

Foot, accessorv ossicles of, 277 
hones of, ossification of, 276 
exammation of, standard views, 271 
flat, 495 

roalformations of, congenital, 361 
(omgn bodies in eye, detection of, 746 

localisation of, general points in, 747 
methods of, Ahlbom s, 766 
Arganaraz's, 766 
bone free, 757 
Comberg s, 757 
contrast medium, 758 
Franceschetti's, 758 
geometric, 748 
Henrard’s, 756 
Lmdblom s, 758 
McGngor’s, 753 
physiological, 748 
BTinple, 756 
stereoscopic, 750 
Sweet’s, 748 
Velter’s, 757 
Vogt’s. 757 
Weasely's, 757 
types of, 746 * 

In jaw, 707 
ui orbit, 746 

localisation of, 672 - „ 

method* of direct observation. Buore 
scopy, 673 

parallax prmciple. o'-* 
sterroseopio, 675 
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loteign bodwa, localu»tion of. tnethtxla of, 
similar tnangle, douWe-esposure film 
method, t>7C 

double film method, bT6 
fluorwcopic, fi«S 
'McGngor e, 075 
Macken2iB David«on’a, 677 
Fractures, compoun<l, mfected, o^teom\el«ti< 
in, m 

diagnosis of, mistakes in. 367 
recognition of, 367 
union of, 368 

Set also under name* of house 
Fracnkel, white Ime of in scur\'y 531 
Fragilitas osaiimi of skull, 167 
Franceschctti’a method of locaJe.ation of 
foreign bodies in eve 75S 
Frankfurter lionzonia] plane, 9 
Freiberg’s infraction, 485 
Frontal lobe tumour*, anpeiogropby in lil 

G 

Gangrene, pas, 602 

mdiological apjicarance of, GG3 
Oargojrlism, 517 

Gam. ’a acleroeing osteonujelitts, 409 
Gas gangrene. Cb3 

diffuse, radiological appearance of 663 
localised, radiological appearance of. 063 
Gaucher'a direa-.e. S4(i 
Geo’a ilueose, 538 
Genu valgum. 494 
\Brum, 494 

Oerflstmarkzone of Lchndorff m scurvy. 531 
k>igat\ti<m, actomegaUc, 129 
clinical and rodiotoincat features, 532 
«kuU cksngss la, 1 “Q 

Oirdleatone’s operation for halliu \nlgiu, 911 
Glenoid cavnty, fracture of, 371 
Glioblastoma multifonne, 143 
Gliomas. I4I 

calcification in, C3 
radiological signs of, 143 
skull thinning in. 4(i 

Globe, shrunkeri calcibcd, appearance of 745 
Gout, clinical features of, 935 
differential diagnosis of. 337 
radiological appearances of, 336 
Graham Hodgson sinus stand, 210 
upright radingraphu stand, 2)0 
Gmniiioina apical 6'J^ 
coccidioidai. of bone. 434 
GraQuIomatO:se:s, lipoid, 637 
Gumca worm, calcification of, C 54 
Gummata of bone radiogmpluc appearances 
of, 444 

H 

HiemangioniA, eaxemous of skull, 38, )76 
ofmujicles, calcification in, 648 
of vertebral, 188 
Hamatoma, calcification in 649 
subdural, 15$ 

skull thinning in. 46 
Hicmophilia, joint changes m, 572 


H-emorrhage, intracranial, 1 iS 
Bahstcresis, 31(1 
evidence against, 321 

Halhix valgus, operations for, excision of ba.-,e 
of proxifoal phalanx. 61 1 
excision of exostosis, 511 
excision of metalacaal bead, 51 1 
Girdlestono’s, 511 

Hand and wrist, examination of, standard 
positions, 237 
ossification of, 261 
(leformitiea of, congenital 35S 
interphalangeal joints of, osteo artliritia of 
466 

lotister claw defotmit) of, 359. 380 
rheumatoid arttmtiv of, 463 
Haversian space, 307. 308 
Qstems, 303, 307, 310 
Head, boot shapeii, 167 

injury, penetrating, effects of, 112 
oblique or flattens, IC7 
steeple, 166 

Heart, examination of, bycmeradiograpliy, 773 
Hemicianiosis, 172 
Hemimelus, 356 

Henrard a methoil of loealiaatioii of foreign 
bodipa in eje, 736 
Hip joint, tltdocatioo of. 379 
congenita), 362, 390 

examination of, in abducted latero 
medial and medio lateral views, 290 
m alxluction, 290 
in external rotation. 290 
to normal poution, 288 
ftandnnl positions for, S9S 
operations on, ortbrwiesw, vanelieaof, 504 
BTthroplasU, SOT 
excision, SOT 

insertion of Smith Peterven pin, 308 
ot^teotomv, vanetira of, 304 
sliclf (Foirbank), 507 
ossification in region of, 290 
osleo-srthntiv of, 466 

osteochondritis of, diagnueis from clipped 
epipbjaii, 392 
tubeiTOlo«i9 of, 433 
diagnosu from sbppcd cpiphjeis, 391 
tbffercntial diagnosis of, 435 
Hodgkm’s disease, 502 

hone IR1 oliement in, 632 

radjologiool apppsranep of, 507 
skull thuuimg in, 40 
Hot cross bun skull 439 
Howship'e lacuruc. 303, 311, 312 
Hamem-s, head of, examination of, 267 

lower part of, displacement of epiphyoi^ of 
epicondyles, 372 
examination of, 264 
fractures of, extension, 372 
fiexion, 372 
sapracondjJar, 372 
malTorreations of, congenital, 337 
abaft of, examiuation of, 266 
upper part of, ib^-placeraent of epiphysis 
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Humerus, upper part of, fiactuiea of, 371 
abduction, 371 
adduction, 371 
anatomical neck, 371 
contusion crack, 371 
greater tuberosity, 371 
ossification of, 269 

Hurler type of chondro osteodyntrophy, 517 
Hutchison type of suprarenal neoplasm, 555 
Hydatids of bone, 641 
brain, 163 

Hydrocephalus, adult, IGl 
infantile, 160 

Hyperaemia in relation to bone absorption, 333 
Hyperccmentosia, radiological appearances of 
708 

Hyperostosis caharia diffusa, 171 
cranti, 171 

frontalis interna 171 
of meningioma, 37, 138 
of skull 35, 27 
Hyperparathyroidism. 542 
bone pathology of 336 *• 

calcium balance ui 338, 339 
skull changes m 170 
Hypertelorism 347 

Hyperthyroidism, bone pathology of, 336 
Hjpeivitaminosis D, bone changes m, 330 
Hypocalcification 319 
Hypodermolitlitaais C54 
Hypothyroidism, diagnosis from osteochon 
drills of femoral head epiphysis, 483 


Icterus, hsmolytic, familial, 560 

Ihum, hemangioma of, G04 

Infantilism, 646 
Loram type of 640 

radiological appearances of bones in, 648 
skull changes in, 170 

Injections therapeutic, opacities in soft tissues 
due to, 667 

Intercalary bones SOO 

Interphalangeal joints of hands osteo arthntin 
of, 4GG 

Intervertebral discs 294, 498 
abnormalities of 499 
congenital 499 
absence of, 499 
calcification of, 500 
changes produced in by disease, 502 
degenerative and traumatic lesions of, 500 
effect of chondro osteodystrophy on, 600 
effect of lumbar puncture on, 500 
effect of primary congenital defect m 
spme on, 499 
herniation of 189, 100 
mto vertebral body, 501 
into vertebral canal, 502 
norma] anatomy of, 498 
annulus fibrosus of, 498 
disc plates of, 498 
nucleus pulposus of, 498 
progressive change in, ratliogiapbic 
appearances of, 498 


Intervertebral discs, nuclear expansion of 500 
senile degeneration of, 500 
Intiscraiual complication of mastoiditis, 246 
eiammation, antero posterior projection 1 1 
axial projection, 15 
encephalography, 71, 87 
half axial poster© anterior projection 15 
lateral projection, 9 
ocopito frontal projection, 15 
planigraphy in, 21 
postero anterior projection, 11 
routine, 9 

submento vertical projection, 16 
technique of, 7 
tomography in, 21 
ventriculography, 71, 81 
pathology in relation to radiology, 21 
pressure, rise of radiologicatappearsncesof 12 
tvunours, acoustic neunnoma, 14S 
calcification in, 25, 65 
cholesteatoma and allied tumours, 184 
chordoma, 160 

colloid cyst of third ventricle, 140 
displacements due to, 24 
effect on sella turcica, 49 
giving normal ventriculograms, 89 
glioma 141 
hydatids, 151 

local effects of on skull. 25 
meningeal vessels m relation to, 44 
meningioma 135 
metastatic, 37 14G 
papilloma, 150 
parasitic cysts, 151 
pitiulary, 129 

radiological diagnosis of, faulty, 6 
signs of, summary of, 127 
reaction of skull to, 26 
kelle and suprasellar epidermoid, 132 
symptoms of ilisorder of endocrine end 
vegetative functions, 128 
early, 127 
epilepsy, 128 
focal, 128 
hydrocephalic, 127 

progressive dementia, 128 

swcUing, 138 
thinnmg of skull in, 40 
tuberculoma 151 
varieties of, 126 
vascular changes in, 25 
ventriculograms of, 89 tl neq 


Jane, changes m, in acromegaly, 733 
clicking 738 
cyeta of, 719 

diseases of, inflammatory, 733 
foreign bodies m, 707 
fractures of, 712 
pathological 735 
necrosis of, 737 
osteitis fibrosa of, 733 
osteomyelitis of, 733 
tumours of, 723 
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Jan*; loraotire of. Iwntgn piant 727 

oarciMonia, l>a'«l 725 

wcontlan, 720 
opithclioina, "20 
myeloma, 729 
oclontomes, 723 
ostcomo, 772 
^rcoma, 732 

Joints and Iwnes, dofonmlies of, cougnuta). 
general coiuiderations on. 34) 
arthritis of, diagnosis from syphihs, 446 
capsule m children, 254 
Charcot’s, 446 
Glutton's, 445 

cxaminatioD of, by cineradiography, 7S0 
routine of, 251 

involvement of, m osteomyelitis, 410 
normal appearances of, general, 251 
m adults, 252 
in children, 253 
syphilis of, acquired, 446 

differential diagnosis of, 446 
congenital, 445 

tuberculosis of, incidence of, 423 
mode of infection in, 433 A 

pathology of, 423 

ra<liolog<cal appearances of, stage of 
intuion, 424 
stage of progress. 424 
atAge of fcpAir, 425 
bee tfliQ under mrno e/^oinl 
JUngling’a osteitis tuberculosa multiples cys> 
toidcB, 415 

K 

Kalkgicht, 654 

Koohui Beck’s disease, 55? 

Ivienbock’s disease, aseptic hone necrosis m 
relation to. 326 

diagnosis from crush fracture, 376 
Khppel Fed syndrome, 351 
Knaggs'e clasHiflcation of bono cysts, C37 
Knee joint, arthntis of, diagnosis from tul»cr 
culosis, 433 
dislocation of, 381 
congenital, 3G5 

csammation of, standanl positions for, 
283. 284 

fractures in region of, 380 
operations on, arthfodesis, SOS 
cscision of patella, S08 
supracondylar osteotomy, 30S 
ossification m region of, 2Stt 
soft tissues around 286 
space. 2S6 

syphtlisof.diagiiostsfrom tithcrc«lo«to, 4)1 
tuberculosis of, 432 

differential diagnosis of, 433 
Kohler’s disease, aseptic liono nconrsw in 
relation to 326 

clinical features and radiographic appcM 
onccs of, 484, 45S. 487 
Kinruncira disease, 388, 393 
Kyphosis dorsals adolcsccntiuiu, 477 
juvenilis 47" 


Kyphoso', juvenile, 477 
osteoehordropathie, 47" 

L 

Lftbyrmth, anatomy of. 232 
ethmoidal, examination of, 204 
examination of, technique of, 234 
Lorhiymal glands, radiological appearonece 
of, 758 

kamhnnudi s operation for drop foot, 510 
Latnma dura, normal, 683, 689 
Lead poi-^ining, bono changes, m, 55G 
I diagnosis from osteojvetrosis, 570 

1 diagnosis from scurvy, 434 

I LehndorS', geriistmarkzone of. m scurw , 531 
Lens, calcification of, 745 
' Leonttasis osaca, 568 
j of skull, 38 

I Leprosy', bone changes in, 452, 497 
diS’erenttal diagnosis of, 452 
, diagnosis from sypluhtie dactyhtu, 440 
l,ciikipmia, bone deposits m, 562 
Ivmpliatic, skull thinning m, 40 
Limbs, ion'cr, malformations of, congenital, 
361 

osteorhoadritis of, primary and secondary 
centres of 474 

upper, malformations of, congenital, 356 
osteochondritis of, pmoary and secondary 
centres of, 474 

Lindbloms method of loealiiiatioQ of foreign 
boflies m eve, 758 

Lutes of arrested growth in bones, 253 
Lipioilol cisternal injection of, 193 
m diagnosis of futulic ami smuses, 6b8 
of lachrymal gland lesions, 759 
of nasal sinus disease, technique of, S2d 
of spmel cord tuznoura, 191 
intrathecal injection of, 191 
lumbar injettion of, 104 
Lipoma of bone, 633 
radiological appearance of, 665 
Little s disease, skull abnormalities m, 169 
Locabser. >Ie<3rtgor’e, 673 
■'laeJ.enzje David-^rs. 677 
Sherton’a, 674 
Ixxvser s zones. 528 
Imtam type of rnfantih-in, 546 
Lorens bifurcation osteotomy, S04 
LuckeiischAdel. 346 

Litinbar piwicture, effect of on intenertebral 
vlrics, oOn 

Lvimpv JAW of cattle, 454 

Lvuigi,. examination of by cineradiography, 776 

Lvmphogranulome 062 

riMiiological Appeiiranees of bono involve 
ment in. 5li7 

lO'CDpbpsAmMna, skull thinning in, 40 
lysholm table, use of, in intracranial exnmina 
tion, 6 

M 

MeGjjgor'a fixed screen method for localisation 
of foreign b«hes, 675 
localiser, 675 
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McGrigor s method for localisation of foreign 
bodies in eye, 753 

mo\ mg screen method for locabsation of 
foreign bodies, 07G 
Mackenzie i^avidson’s localner, (577 
McMurray's osteotomy, 504 
iladura foot, 455 

Malacia of \ertebro, effect on inter\ettebral 
discs, 603 

post tiaumatic, 475 
Malar bones, fractures of, 398 
Malgaigne s fracture, 385 
Malta fe%er, bone lesions in, 452 
Mammography, contrast, (167 
Mandible, carcinoma of, 729 
condyle of, hypertrophy of, 740 
dental cysts of. 719 
dentigerous cysts of, 721 
fractures of, 400, 712 

displacement in. amoimt of, 713 
m children, 710 
number and sites of, 713 
pathological, 715 
progress of treatment, 715 
relation of teeth to line of, 7 14 
type of, 713 

normal, coronoid and condylar processes, C65 
genio hyoid tubercle, 680 
inferior border, 684, 688 
inferior dental canal, 084 
internal and external oblique rnlgcs. 685 
mental foramen, 685 
osteitis fibrosa of, 733 
osteomyelitis of, 411, 733 
periostitis of, 737 

unerupted supernumerary teeth in, (>9i 
Alarble bones, 534, 568 
skull changes in, 174 
Match fracture, 384 
Mastoid process, anatomy of, 2 i2 
diseases of, 237 
pneumatisation of, 232 
post operative, 238, 247 
radiological examination of, uiterprela 
tion of, 243 

lateral oblique position, 241 
postero antenor oblique position, 241 
scope of, anatomical, 239 
pathological, 240 
30° front© occipital view, 24! 
Mastoidectomy, cortical, 238 
radical 239 

Mastoiditis, acute, etiologyanilpathology of, 237 
in cellular mastoid 243 
chrome, 238 

in cellular mastoid, 244 
complications of, 245 
in acellular mastoid, 244 
zygomatic, 247 
Maxilla, carcinoma of, 729 
dental cysts of, 7l9 
ilentigerous cysts of, 721 
tractures of, 716 

normal, anterior palatine foramen, 680 
coronoid process, 688 


Maxilla, normal, hamulai process, 0S8 
iRCHive fossa?, (iSG 
mter maxillary suture, G8G 
malar bono, 687 
maxillary antrum, G87 
nasal fosssc, (iSb 
nasal septum, (i8G 
osteitiN fibrosa of, 733 
unerupted suprriiumerary teeth in, 690 
Meatus, internal oiiditory, examination of, 60 
Metlulloblastoma, 143 
Melorheostosis (Leri), 571 
Meningiomas, 135 

artcriographic appearances, 141) 
calcification m, 66, 140 
cerebcllo pontme angle, 138 
differential diagnosis of, 141 
fronto temporal, radiological appearance of, 4 
hyperostosis of, 37 
olfactory groos e, 137 
parasagittal, 136 
railiological signs of, 138 
skull tluruung in 40 
sphenoidal ridge. 137 
suprasellar, 136 
Meningocccle, 106, 354 
Meningomyelocele, 354 

Mercury injections, opacities m soft tissues 
due to, 607 

MetacarpaN, liases of, normal appearances of, 
256 

opiphyses of, abnotmal, 361 
head of, normal appearance of, 255 
Metacarpus, normal appearances of, 255 
ossification of, 361 
Metastases, clinical fcatiiten of, 605 
intracranial, ]4() 
osteoblastic, 61 1 
osteolytie, 608 

ladiologicat appearances of, 607 
sclerosing, fill . 

Metatarsal, fintt, normal appearance of. 2i, 
four outer, noiinal appearance of, 273 
fractures of, 384 
head of, excision of, 511 
osteochondritis of, 483 
Metatarsus, exommation of, 272 
ossification of, 276 
Microcephaly, 166 
sera, 166 
Miciomelia, 51 1 

Midbraui, tiimourH of. ventriculograph> m, lui 
Mid carpal joint space, 260 

Mongolism, clinical features of, 54J 

radiological appearance of bones m, 5 )U 
ekull changes in, 170 
Morbus coxas senilis, 460 
Morgagni 8 syndrome, 171 , 

Morquio Brailafords r«morflI 

^ ne«i 3 from osteochoiiiintis of femoral 
head epiphysis, 484 „» .n ! 

Motor neurone, lower, lesions of, bone 
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^tueowle of cthmoul icU or froiitnl «inus. SiS 
Mjcctoma ivnlia, 433 
■MscJocctc, 334 

Alj’clojrraphic cxacuttiattoii of Kpifutl cord, IftT 
Mvc]oinA,clin)cA]f>»turf»at)()pntho]o^ of.ftSO 
endotliclial, Gilt 
of rkuU, 177 

oHtcogpnctw, or\ortrbra?, IRS 
plainna colled, ftpmnl con\prei«ion m. IR'J 
Ttttliotogiwvl anp^mnwa of, rt3J 
'!\i>Iorontos»«, diagiio»»< frojn xnntliotiifttiMi«, 
539, 54tf 

multiple, 507, 030 

diacnosks from carcinmnatoaiH, 507 
from jwneralutal oitpitH fibnii**, ’•43 
of jaws, 7-9 

spinal romprr>Minn >n. 189 
Mjosarcoma of imnc, 033 
IfjOBitts cK»«ficen» jin>(rrp««>nMi, 
trau/nnfjc, SSO 

nMliolojnra) npl" «rnnw of, 070 
3!vx*wlcma, infantile, lionc chanpfa in, tlwift 
no'n from oaiooclicmdrili* of f<*inot«l 
hrml cpiplijsi'*, 4S3 


bORCH, fnictitrcsi of. 397 
Nauglitnn Xliuin'a opomiion. 7iv» 
^la^lrtllo<un^l^unu joint ■jxioc, 

Necrosis, pcn«npica1. fOs 
Jferve, Cightli, tumour of. 230 
Ken Qus aj stem, ocntml. mdtopranlnccxftmina 
tion, gonomt toclinifjue and pncholog). 3 
Xtsinnoma, acondic, 143 
Kniroilbrefnit oreiglitli neni'. 23<> 
spina) eomprossion iti, 189 
Niemann Vick a diH'iwi, 5tl 
No-e, fractuera of, 397 
Niiefctw p«Ipn*u-«, 2'U 

O 

Oilontomo, eoij>piv,iir, rojnpJes, 72 1 
compound, cv-.tie, 727 
non C)8tie| 727 
dilftteil, 725 
kpitheliai, 727 
follicular, 721 
peininatcd, 721 

Olecranon epiplij-Mi-i. oAiifirfltion of, 507 
process, frauluro of, 774 
Oligoilciulroplioma, 14'> 

Ollier's potholoK) nnd nuliolopicol 

appeomnees of. 

Operations, orthopmlie. fn relation to rwlio 
jpmpbj, 501 

Optic canal, normal and patliolopienl appear, 
anees of. 69 

foremen, examination of, projictioii for, 17 
Orbit, fon-ipn boibca in, 709 
upper half of, examination of, projectiona 
for, ID 

Oibito mental bm*. 9 

Orthopiedic operations m relation to radio 
graphy, 604 

ftcromiate, examination of, 207 


Os calein, freciitreH uf, 3S3 
lamellar stnic of, 270 
nonnal appearance of, 273 
osti'Orntelitis of, 413 
Osrflpitfttiim, normal appiareneo of, 250 
Os centmle, 279 

Os hamatum. norma) apponmnee of, 250 
Os intercunciforme. 279 
Os lotrrmetstarKeum, 280 
Os lunatum, normal appeamneo of. 277 
Os tnagniim, normal nppcarafico of, 210 
Os muHani^um majun, nonnal appearance 
of, 256 

multangulum minu-«, nonnal nppinnvnco 
of, 21R 

Os naxicularc, normal appcamiiee of, 2'i< 

Os paraeimcifonne, 289 
Os St) loideum. 260 
0^ auhtibiaJe, 2^ 

Oa aiKtentaculiiin propnum, 278 
Us tibial.* externum, 279 
Or IrapcZoaie^ itectmdariuni, 259 
On truuiimlAre, 260 
i 0« tnpomun, 277 

I Ostriquetniro nomial appcanuico of, 257 
ulnaroeslemum. 250 
0 « %r*Mil«»nu7n Ji'l), 280 
O poo»l’s di-eu»e, 488 
0«»icuIoin trkxblea. 270 
OwufiCAtien m soft tismes. 655 
m temlons, (I5u 

O-iteitn apical ran f) mg, acute, 608 
chronic, 7<s* 

*» lerovnr "02 
deformans 5*7 
amoTphoiH fonn 574 
lioncs olTeciMl in, nnler of, 574 
diagticMiis from ceneniliseKl onleitis fibrosa 
313 

from xantliomstO'iis 349 
ofshiil). 78 

o«te<>|;« me sarroma in, .579 
jMtholocy of, 335 

radiolosical apjx arauew of artem-t. 578 
of lionet of extremities 577 
nftieKii. 674 
ofehull 377 
of apim*. 370 

Mireomalous ehonirta m, 024 
eVwU change'i m, 174 
apnnpv form, 574 
fihroen, foenl, 571 

HhtiJJ rhanpv m, 1 73 
geiierelised. tlmical features of, 542 
dihinittml ibagnoiis Of, *>47 
raiholojiical npj>enranee« of, 542 
skull cbanite* in, 170 
of jaws, 737 
of skull, 38 
gummatous, 443 
multiplex ej tUea, leprous 462 
pyogenic, of skull, iH 
sclerosing, of wall of left antnmi, 224 
syplubtic, acquired, diffuse, rndiogiaphia 
apjieBmnecs of, 447 ^ 
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Osteitis, syphilitic, acquired, localised, radio 
graphic appearances of, 444 
late congenital, radiographic appearances 
of. 441 
of skull, 175 

Osteitis tuberculosa multiplex cjstoides (Jung 
ling), 415 

diagnosis from gout 537 
radiographic appearances of, 416 
tuberculous of skull, 175 
Osteo-arthntis, diagnosis from syphilis, 446 
of temporo mandibular joint, 738 
radiographic appearances, 464 
clinical significance of, 469 
Osteo arthropathy, hypertrophic, clinical feat 
ures of, 637 

radiological appearances of, 558 
Osteoblasts, 304 
Osteochondntis, 474 
adult, 475 
etiology of, 475 
clinical features of 476 
coxiE jmenilis 481 
deformans, 481 

diagnoses from tuherculo'>is of shoulder, 430 
dissecans, aseptic bone necrosis in relation 
to, 326 

clinical features and radiological appear 
ances of, 490 
juvenile, 475 
morbid anatomy of, 476 
of calcaneal epiphysis, 489 
of femoral head miphysis diagnosis from 
tuberculosis of hip, 435 
clinical and radiological phases table 
of. 483 

clinical features of, 481 
differential diagnosis of, 483 
radiographic appearances of, 483 
of femoral neck, 469 

of metatarsal heads, clinical features of, 485 
radiographic appearances of, 487 
of patella 489 

of tarsal scaphoid, clinical features and 
radiographic appearances of, 484 
of tibial tubercle clinical features and radio 
graphic appearances of, 488 
of vertebral epiphyseal plates clinical feat 
ures of, 477 

radiographic appearances of, 478 
synonyms of 477 

primary and secondary centres ot^ in spine 
and extremities, 474 
radiological observations in, 477 
syphilitic 436 

radiographic appearances of 437 
vertebral 477 
Osteochondroma, 590 591 
multiple, 593 

clinical features and pathology of, 594 
radiological appearances of, 595 
sarcomatous changes in, 624 
smgic, clinical features and pathology of^ 692 
radiological appearances of, 503 
Osteoclasis m inflammatory conditions, 329 


Osteoclastoina and sunple cyst, relation li. 
tween, 636 

clinical features of. 600 
of jaw, 727 

pathology and radiological appearances of, 
601 

Osteoclasts, bone-eroding powers of, 313 
characters of, 311 
fate of. 313 

Osteogenesis imperfecta, clinical features of, als 
of skull, 167 

radiological appearances of, 520 
Osteolysis 318, 323 
Osteoma Uitracramal, 67, 5S8 
of skull 38, 176 
patholi^y of, 587 

simple, radiological appearances of, 588 
traumatic, pathology of, 580 

radiological appearances of, 590, 658 
Osteomalacia and rickets, radiological differ 
ence m, 522 
bone changes in, 319 
calcium balance in, 338, 339 
diagnosis from generalised osteitis fibroma 
543 

dietetic, 524 

due to idiopathic steatorrhea, 528 
radiological appearances id, 526 
skull changes in, 172 

Osteomyelitis, complications and sequels of, 
409 

defuution of 401 

diagnoses from tuberculosis of hip joint, 435 
fibrous, chronic 642 

hematogeneous acute, pathological feat 
ures, 402 

radiological features of, 403 
of jaws, 733 
sclerosmg (Garre), 409 
special Sites of, 411 
subacute and chronic, 400 
syphilitic, early coogemtal, radiographic 
appearances of, 438 

late congemtal radiographic appearances 

of, 441 

Osteopetrosis 568 

differential diagnosis of, 570 
radiological appearances of 569 
Osteopoikihe, 509 
Osteopoikilosis 517 
Osteoporosis, 319 

cireuiRsenpta, sfcuff changes or, 174 
of ethmoid cells, 224 
of akuU, 26 
thyrotoxic, 544 

Osteopsathyrosis idiopathica 518 
Osteosclerosis fragiha generahsata. So# 
Osteosclerosis of sbiill, 25 
Osteotomy, mtertrochantenc, 594 
Lorenz bifurcation, 504 
tlclluiray s, 504 
subtrochanteric, 504 
supracondylar, 508 

w^ge, 504 f 91 , 

Otosclerosis, radiological appearance ol. -•> 
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Ox}cepli&I;i 16(T, 344 

Osypen aa contrast niedia m ventnculopraphj 
and eneephalographj , 88 


P 

PagctS «!i»ea.«e of l>one, mosaic structtjr© in, 
310 

pathology of, 335 
sarcomatoua cfiangca m, 024 
See al»o O^toitia deformans 
t*8pinoma intracranial. 150 
Paradonts) di«caac, pathoJop} niu] radiographic 
appearancci) of, R95 

Parallax principle in localisation of forcip* 
bodies, 673 

Paravertebral tuinoiirs enuring epmal com 
presslon, 189 

Panetal lobe tumours, angeiographj in, lil 
Patella, absence of, congenitAt, 9o0 
bipartita, 285 
cobiti, 35S 
dislocation of, 381 
congenital, 3CG 
emarpnation of, 285 
eununation of, 285 
excision of, 508 
fractureaof, 331 
multipartita, SS5 
ossification of, SS? 
esteocbondntw of, 489 
Pellian, lateral spur of. jo scuny , 533 
Pellegnni Stieda dcacase, 392, Ci>U 
Pelvis, abnonnalitiea of, congenital 335 
exammatioa of. 301 
fraetUKs of, 334 
Negcle, 353 
osteomyelitis of, 412 
Robert, 333 

Pepper ty-pc of suprarenal neoplasm, 2So 
Periodontal disease, pathology of, C95 
radiographic appearances of. C93 
membrane, inflammatory diocftsea of, b95 
normal, 681 

Periodontitis, produrtiie, radiological appear 
aoces of, 70S 

rarefying radiological appearances of, 709 
PenostitiH. 401 

syphilitic, acquired radiographic appear 
ances of, 442 

early congemtal, radiographic appear 
ances of, 438 

late congemtal. radiographic apxiearances 
of, 440 

Perthes disease, aseptic hone necrosis m itila 
tion to, 320 

Perthes’.Leggs-Calie’a disease, 481 
Petrositis, apical, coropbeatmg mastoiditis 247 
Petrous bone, anatomy of, 230 
examination of, CO. 235 
technique of. 234 
\ertical projection, 18 
fractUTes of, 236 
tiaaours of, neurofibroma, 27<» 
sarcoma, 230 


Phalanges of foot, (iintal, 271 
mid 271 

o^ification of, 270 
proximal, 272 
excision of bo»e of, 51 1 
of hand, mul, 255 

norm^ appearances of, 255 
proximal. 255 
ungual, 255 
of thumb, 255 
ossification of, 261 
osteomyelitis of, 411 
Phleboliths, C47 
Ptioronieliu 356 

Pho'pliorua poisonmg, bone changes in, diag 
no«s from ecurv } , 434 
Pineal IxkU, calcification of, 61 
Pmk spot, 709 

Pisiform normal appearance of, 257 
accumiantim 260 
Piso cnneifonn jomt space. 200 
Pituilaia adenomas, \arictics of, 129 
tumours. 129 

angeiography m, 123 
sella enlargement m, 51 
riagiocephaly . 161, 340 
Planigraphy of skull, 21 
PJatyrnemic tibia, 282 
Polydactyly 359. 361 
PolyTii of antrum, 223 
Pontine tumours, tentnculography m, 211 
PoTus arusticus, examination of, lateral pro 
jeetion 18 

%ertical projection 18 
^o^t«re defects of 493 
Pott a di'eaae, 419 
fracture. 382 
Preauneu/ar fistula, 669 
iSeeocilt cbnicol and nuJiologieal features of, 
552 

Proeti ilisplacemcnl method, technique of, 226 
tulue of. 227 

Projections for mtracramal examination, 9 
Pseudo coxalgia, 48 

fractures m osteomalacia 027 
-oxycephaly, 345 
Psoriasis arthropathica, 518 
Pulp nodules or stones in teeth, 707 
Pvorrlima, patholog\ and radiographic appear- 
ances of r>9> 


a 

Quccken^teiH's test, use of, 192 


Badio-corpal joint space. 260 
Radio ulnar, inferior, jomt space, 260 
Radius and ulnar shafts, examination of, 
lateral supmated Mew, 202 
lateral s lew, 263 
patmo-dorsal view, 262 
bicipital tuberosity of, epiphysis of, ossiSca 
tion of, 263 e 
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Radius, lower end of, fractures of, 371 
Colles, 373 

normal appearance of, 2o8 
ossification of, 262 
malformations of, congenital, 357 
upper end of, exammation of, 263 
fractures of, neck, 373 
^ertlcal crack m head, 371 
Rathke's pouch, tumour of, 132 
Reid s baseline, 9 

Re3-nolds, Russell apparatus and technique 
for cineradiography, 767 
Rheumatic diseasen, effect on mtervertebral 
discs, 502 

Rheumatoid arthritis, 460 £ee also Arthritis, 
rheumatoid 

Ribs, abnormalities of. 330, 352, 353 
cervical, 352 
fractures of, 385 
Rickets, adolescent 523 
and osteomalacia radiological difference in, 

bone changes ut, 319 
calcium balance in, 338, 339 
clinical features of. 522 
cceliac, 528 

diagnosis from scurvy, 334 
radiological appearances of, 522 
renal, diagnosis from nckets due to vitamin 
D deficiency, S24 
from xanthomatosis, 540 
saucer deformity in, 323 
skull changes in, 172 
Rider s bone, 390, G39 
Bing locohser, 673 

Roberts radiological classification of bone 
cysts, 638 

Russell Reynolds apparatus and technique for 
cineradiograpnv, 767-772 


h 

Sabre tibia, 441, 452 

Sacrahsation of fifth lumbar vertebra. 353 
Sacro ihac joint, tuberculosis of, 410 
differential diagnosis of, 431 
Sacrum, examination of, 299 
Sarcoma, capsular and parosteal, 624 
neurogenic, of bone, 013 
of skull, 177 
of spme 189 
osteogenic, 611 

capsular and parosteal, 624 
classification of. 615 

American CoUege of Surgeons, 615 
Rwing s. 615 
clinical features of, 613 
extrapenosteal, 621 
fibrosarcoma, 623 
pathologj of, 014 
penosteal, 621 

rarhological appearances of, 615 
bone destruction, 617 
effect of previous irradiation of, 626 
mixed nature of, 019 


Sarcoina. osteogenic, radiological appearances 
of, soft tissue tumour, 620 

subperiosteal new bone formation, 61 S 
sclerosing, 620 

superimposed on pre-existmg disease, 624 
telangiectatic, €20 
Scaphocephaly, 167, 346 
Scaphoid, carpal, bipartite, 376 
double, 257 
fractures of, 375 
normal appearance of. 256 
ossification of, 277 
tarsal, fractures of, 384 
normal appearance of, 273 
osteochondritis of, 484 
Scapula, examination of, 267 
fractures of, 370 
hfinangioma of, 604 
ossification of, 269 
Scheuermann s disease, 477 

radiographic appearances of, 478 
Sehlattera disease, 488 

aseptic, bone necrosis m relation to, 326 
Schinorra nodes, 478, SOI 
SchuUer’a disease, clinical featnrea, 629 
radiological appearances of, 630 
Schuller Clmstian syndrome, 337 
skull changes m, 172 
Scoliosis, 493 

Scurvy, clinical features of, 330 
differential diagnosis of. 333 
radiological appearances of bones in, 531 
.Sella turcica, anatomical features oi, 46 
calcification in or near, causes of, 34 
destruction of, causes of, 63 
effect of intracrsniBl pressure on, 23 
eolargemeot of. pathological, 48 
examination of, lateral projection for, 17 
normal appearances of, 46 
pathological appearances of, 48 
mnailness of, pathological, 48 
thickenmg of, causes of, 54 
vsriationji m shape of, normal, 47 
vanattons in size of, pathological, 48 
Sellar and suprasellar epidermoid tumour, 
132 


Semilunar bones, fractures of, 370 
normal appearance of, 257 
Septum lucidum, tumours of, Tentnculograpijr 
in. lOG ^ . 

Sequestra, formation of, in inflammatory txin*- 

conditions. 329 , , 

Sesamoid bones in first metatarso phalangeal 
joint, 272 

in hnnd. normal anuearance of, 


ossification of, 262 
Sesamiim peroneum, 280 
Shentou’s line, 290 

Sh^^r prdle, malformationB of, congenital, 

loin^^arthntis of. diagnosis from 
losis 429. 430 

bones of, ossification of *6J 
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Shoixldcr joint, dislocation of, 372 
congcnitn), 3C2 

nxamuuitjon of, standard pooition, 266 
vai-iations m, 2G$ 
operations on, arthtwle^is 511 
Osteo Brthnlis of, 400 
space, £08 
tuberculosis of, 427 

diffi-renttal diapnosh of, 42'J 
Smus stand, Graham Hodgson, £10 
Sinuses, certical, CGO 
eoccj geal, 6G9 

dural, normal oppearances of, 42 
frontal, oiiatoinj of, 202 
exammation of, 202 
Osteoma of, S24 
tnazillar} , anatomy of, 201 
examination of, 201 
nasal. ac<!oasor>, anatomy of, 201 
bone cliangcs in, 224 
carcinoma of, 225 
cyst of, 222 

dental cyst intaduig 22> 
diseases of, 217 

diagnosis of hpiodol, techni<|uc 

nf «»« 


by Proett duplacemont method. 


examination of, importance of erect 
pdsture, 20^ 

importance of standardised (ech 
niquo, SOD, 210 
sormoltraneradiancy of. 209 
rniliological interpretation of >mu, 
sitis, 218 
technique of, 207 
lateral view, 213 
lel^ ohliquo «i««r, 213 
occipito frontal new, 210 
occipito mental % lew. 21 1 
right obliquo MOW, 213 
\ertico mental Mflw, 212 
mucocclo of, 225 
osteoma of, 224 
poljpi of, 223 

stereoscopic examination of, imnortanco 
of. 200 

tumours of, 224 
pdoauUI, 0C9 

sphenoidal, anatomy of, 203 
ezaminatian of, JOS 
Sinusitis, diagnosis of, by hpiodol, 226 
by Proets displacement method, 226 
hyrwrplastic. 217 

radiological interpretation of, fluid let els, 219 
gross opacity, 218 
thickened lining membrane, 221 
snppuratite, 217 

Skeleton, normal growth and reconstruction of, 
by bone erosion and deposition, 307 
Sfcull, abnormalities of, 31 

due to endocrine and constitutional dis 
eases, 169 
acrocephalic, 345 
anomabea and disoasea of, 165 


bkutt, arterial gtootea of, diagnosis from frac 
tunes. 3<i9 

base of le<acr wing of sphenoid, norma) 
appearances of, 60 

pathological appearances of, 67 
methods of examination. 55 
pathologicol appearance of, 65 
basilar jnt agination of, 167 
birth injuries of, 183 
raiemous hsmanpoma of, 38 
fsst of, aunple, 177 
defects of, congenital, 1G5 
effects of intracranial pressure on, 21 
exaraiDAtion of projections fur, 9 
teohmqui! of, 7 
fractures of, 178, 368 
depressed. 181 
dinerential diagnosis of, 369 
linear 180 

punctureil or penetrating. 182 
repair of. 183 

technique of examination of, 182 
lurmangioma of 604 
increaset} densU} of, SB 
infections of, 174 

local efleew of intracranial tumours on, 25 
locahscil thinning of, caiuea of, 34 
malformations of, congenital and infantile, 
165 343 

necHMN of due Co \ ravs or rsdmm, 175 
neoplasm of, disgiio>-is from xantboinato«>s 
529 

osteitis of 174 
ottcomftof 38 
osteonuehtis of 411 

radiographic examination of, general tecli 
nique and pathology, 3 
radiological features of, normal and patho* 
logical, 30 

reaction of to m\aai\e tumours, 26 
to non in\asi\6 tutnoura, 27 
earcoina of 38 
size and ehape of. 39 

sutura hnee of, diagnosis from fracture, 369 
lam o shanter, 169 521,527 
thickening of, 37 

thinning of conditions associated with, 40 
tumours of, carcinoma, 177 
by direct spreatl I7S 
cholesteatoma. 177 
cbordonm, 177 
haimoiigcioma 170 
metastatic, 177 
mieloina, 177 
osteoma, 176 
eorcoms, 177 
(oscular channels of, 40 
saidt of, normal, 31 

convolutional markings of, 32 
localised areas of thinning m,31 
' porosity of, 32 

' pathological, dimintshed density, 34 

' increased density, 36 

I venous channels of, diagnosis from fractures, 
I 369 
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Smitli Petersen pin, insertion of, radiological 
appearances of, 508 

Splienoid leaser wing of, normal and patho 
logical appearances of 5^ ^7 ^ 

Spider fingers, 300 
Spina bifida, 354 
occulta 354 
veutosa. 415 

Spinal canal, tumours arising uithin, 189 
cord anatomy of, 186 

lesions of, soft tissue ossification in 658 
piessujeon diseases causing, 189 
tumours of, 185 

diagnosis of by air or bv oxygen m 
jections, 197 

by intrathecal lipiodot, 191 
indications, 191 
interpretation of resultn, 195 
technique, cisternal injection, 193 
lumbar injection 194 
extradural, 190 
oxtremedullaty, 190 
intramedullary, 191 

radiographic examination technique, 
185 

radiological features of, 186 
Spine, carcinoma of, secondary, IS*) 
fractures of 38a 
diagnosis from matacia, 388 
from neoplasm, 388 
from tuberculosis, 388 
lamins 386 
site of, incidence of. 380 
spinous and tiansiersc processes, 38(> 
vertebra 386 

fusion of, Albee s and Hibb e methods, 512 
in adult sanations in, 297 
X ray appearances in, 296 
m children, lateral view of 295 
sanations m, 205 
malformations of congenital 350 
cerMcal region 351 
dorsal region, 352 
lumbar and sacral regions, 3.>3 
normal, 293 

operations on, Albee s, 61i 
Hibb’e, 512 
ossification of, 293 

osteochondritis of, primary and secondary 
centres of 474 
osteomyelitis of, 412 
radiological features of, 186 
tuberculosis of, abscess formation in, 429 
age and sex incidence of 419 
types of, 419 
tumours of, 188 
malignant, 189 
Splanchnomegaly, 139 
Spondylitis ankylopoietica, 479 

diagnosis from tuberculosis of sacro iliac 
jomt, 431 

from tuberculosis of shoulder 439 I 

intervertebral discs in 503 I 

Bechterew type, 471 I 

chrome, 470 I 


Spondylitis mfectiie, chronic, 470 
Mane Strumpell type, 471 
muscularis, 472 
ossificans Iigamentosa, 471 

radiographic appearances of, 472 
osteo arthritica 470 
rheumatoid, 470 

Spondykme hcredo traumatique, 47\ 
rhizo melique, 471 
Sporotrichosis m bones, 455 
Sprengel s deformity, 350 
Stand upright radiographic, Graham Hodgson, 
210 

Steatorrhcea idiopathic 528 
skull changes in, 173 
Steeple heed, 166 

Stereoscopy m examination of bones and 
jomts, 251 

m localisation of foreign bodies, 675 
value of, in mtracranisl examination, 8 
Stemo clavicular joint, dislocation of, 370 
Still s disease 461 

diagnosis from osteoehondntw of femoral 
head epiphjsis, 484 

Stomach, filling of, exarmnation of by eme 
radiography, 779 

normal, effect of delay in emptying, exam 
ination by cineradiography, 780 
movements of, examination of by cine 
radiography 779 

Subarachnoid space anatomy of, 76 
SubMtragaloid jomts, tuberculosis of, 431 
Subdural calcification. 64 
Suprarenal body, neoplasm* of, 6o5 
Sweet’s method and apparatus for localisation 
of foreign bodies la eye, 748-785 
Sylvius, aqueduct of, anatomy of, 76 
Syndactyly, 850 361 
Synostosis of bones of forearm, 358 
Syphilis, congenital, bone changes m, oiag 
nosia from osteopetrosis 570 
diagnosis from scurvy, 533 

tarda, 440 See also Bone, syphilis of 
tertiary, aseptic bone necrosis m 329 
Syringomyelia, bone changes in, 497 
Charcot a joints in 448 
Syringomyelocele, 354 


T 


Tabes bone changes m, 497 
Tarsus, ezammation of, 273 
joint caiities of, 280 
operations on, arthrodesis, 508 
Bsliagalectoroy, 510 
l^mbrmudis 510 
Iiaughton Durm’s 509 
ossification of 270 
osteomyebtis of, 413 
tuberculosis of, 431 

Tear ducts, radiological appearances 
Teeth and jaws, normal, 681 
in children, 688 

canes of, radiological appearances 

cysts of, 719 


of, 758 


of, 705 
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Twth, dead, ladjologioal appearances of, 707 
dilaceratcd, 091 

Oliuig material? in, radiological appearancea 
of, 707 

fractured, 716 
gemmated, 094 
normal, radiogram of, 031 
pulp changes in, 707 
pranulcuna of. 709 
root ab'Msrption of, 709 
mots of, buried, radiologieal appearances 
of, 710 

enamel nodule of. 7J3 
perforation by imitnimentation radio 
logical appearances of. 7lt> 
lanation.' in, fiSS 

eopernumerarj , radiograms of, 69ij 
supplemental, 091 
tartar on, 71 1 

iinerupted. infection of follicle of. result? of, 
721,712 

radiograms of, 090 

Temporal bones, anatomv of, maAtoid process. 
232 

petrous bone, 230 
squamous portion, S30 
lobe tumours, angeiograpli) m, 123 
temporomandibular joint, anlcylosis of 738 
arthntia of, 733 
dislocation of, 730 
mjanes to meniscus of, 738 
Tendinitis, calcareous, 6-t9 
Tendons, calcareous deposits in. t>49 
ossification in, 630 

Tenon's capsule, injection of i-onerast itteilia 
into, for eye examination. 746. 747, 73H 
‘lemtoinas, intracranial, 148 
Thomx, esaniination of. cineradiography, 
7^5 

■Thotottast, use of, lA eerebml angeiogrtiphy, 
116 

Thumb, phalanges of, normal apis’araiieea of, 
25S 

Tbytoglossal fistula, 66S 
Tibia, head of, fractures of, 380 
ossification of, S8d 

lower end, examination of, etandan.1 views 
for, 281 

ossification of, 232 
malformations of, congenital, 301 
plalj cnemic, 282 
shaft of, examination of, 282 
tubercle of, anatomical de> elopment of, 488 
osteochondntis of, 488 
'*PP®r end of, exammation of, 284 
Tissues, reaction of, to dead bone, 325 
aoft, calcification in, due to parasites, 050 
dystrophic, 046 
general considerations, 644 
metastatic or metabolic, C4T 
radiological appearances of, 647 
fat m, 6C5 

gaa m, causes of, 602 

opacities in, due to therapeutic urjectioae. 


Tissues, soft, ossification la, 655 
general considerations, 044 
m spmal cord lesions, 638 
Tbmograpny of skull, 21 
Trapezium and first metacarpal joint space, 260 
normal appearances of, 256 
Trapezoid normal appearance of, 256 
Tnangulation methcxls in localisation of for 
eign boilies, 675 

TrtcAina apiroJu, calcification of, 652 
Tngonoeeplialy, 165 

Trochanters, great and email, epiplij*^ of, 
Ossification of, 291 

Trochlear epiphysis, ossification of, 365 
Trtimmerfeldzone m scurvy, 531 
Tubcrcutoma. calcification in, 67 
rntracramai. ISl * 

Tuttcreulosis of l>one, 414 
Tumours, ccreliellar, scntriculography m, lib 
fromal, lentneulography in 99 
intracranial Sfe aUo Intracranial tumours 
intrasellar, enlargement of sella in, 4S 
occipital, xentnt^ographyin, 703 
of corpus cbDwuto and oepluin luodutn, 
seniriculographv in 106 
of the basal ganglia and cawUte nucleus, 
ventriculography in, 106 
of thinl lentnclo and midbrain, vontn> 
culography in, 107 
parietal, ventnculograpliy lo. 101 
pontme ventriculography tn. Ill 
temporal ventneulography in, 104 
eelia and supraaellar epidermoid, 132 
Tiirmscliade! ICG 

I 

Vina and radius shafts, examination of, at«n 
dani positions for, 263 
fractures of, 374 

lower end of, normal appearance of, 258 
ossification of, 262 
malformations of rongcnital, 357 
upper end of. CTarmnation of 264 
bnciform normal oppearanee of, 256 
X. mUilant fever bone lesions m, 452 


Xeins, catofication in, 647 

cerebri, normal appearances of, 41 
neninsrcal, normal appearances of, 42 
pathological appearances of, 44 
Velters method of localisation Of foreign 
bodies in oysi, 757 

Ventricles, dilated, X ray afqiearanco of, 
Mgni^cance of, 90-93 
dwplacesiient of X raj appearance of, 96 
fourth, anatomy of, 76 
lateral, anatomy of. 74 
anterior horn of, 74 
body of; 75 
descending horn of, 75 
posterior horn of, 75 

Qsrronmg or obliteration of, X ray appear- 
ances of, 93-96 
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Ventricle, third, anatomy of, 75 
colloid Cjst of, 14G 

dilatation of, effect on eella turcica, 49, 61 
tumouTB of, ventriculography in, 107 
Ventricular estimation, 87 

system, changes in, in tumours and other 
expanding lesion'i, 89 
displacement of, 90 
narrowing or obliteration of, 93 
normal radiological appearances of, 77 
Ventriculogram, antero posterior projection, 
78 

normal lateral projection, 77, 78 
occipito frontal projection, 79 
of arachnoiditis. 111 

of basal ganglia and caudate nucleus 
tumours, 100 
of cerebellar tumours, 110 
of corpm callosum and Repium Iiicidum 
tumours 106 

of dilated ventricles, 00-93 
of displacement of ventricle, 96 99 
of epidermoid tumours, 134 
of frontal tumours, 09 

of narrowing or obliteration of ventricle, 
93 95 

of occipital tumours, 103 
of parietal tumours, 101 
of pontine tumours 111 
of scarring and atrophic lesions of brain. 113 
of temporal tumours, 104 
of third ventricle and miclbrain tumours, 107 
postero anterior projection, 79 
Ventriculo^aphy, 71 
contraindications of, 86 
dangers of, 86 
in bram abscess, 166 
in colloid cyst of third ventricle, 147 
in subdural hiematoma 168 
m tumours and other expanding lesions, 89 
technique of antero posterior projection, 83 
injection of air, 81 
lateral projection, 84 
postero anterior projection 83 
radiographic projections, 82 
positions of patient, 85 
Vertebrse, abnormalities of, 350 351, 333 
expanding lesions of, 188 
fifth lumbar, sacrslisatiou of, 353 
fractures of, 386 
giant cell tumours of 188 
hietnangeioma of, 188 603 
in adult 296 

variations of, 297 
in child 293 
ossification of, 293 
solitary dense, 388 
wedged, 387, 393 


Vertebral column, normal, 293 
epiphysp^al plates, normal development ol 

osteochondritis of, 477 
Vestibule, anatomy of, 232 
Vitamin C deficiency in etiology of scurvy, 63 
Vitamin D deficiency in etioJogy of osteo 
malacia 624, 525 
in etiology of rickets, 522, 624, 525 
treatment of osteomalacia 526 
of rickets, 522 
Vitreous, ossification of, 745 
V ogt's method of localisation of foreign bodio 
m eye, 757 

Volkmans congenital ankle deformity, 366 
Voorhoeve s disease, 517 


W 

tVards triangle, 289 

Wessely s method for localisation of foreip 
bodies in eye, 757 
Whitman s astragalectomy, 510 
Wimberger s sign m scurvy, 632 
Wrist, accessory ossicles of, 359 
and hand, examination of standard posi 
tions, 355 

appearance of, m full railial flexion, S6I 
in full ulnar flexion 361 
with hand in normal position, 261 
dislocation of, 376 
fractures of, 375 
joint cavities in, 260 
mov ements of, 261 
ouification of, 261 

rheumatic diseases of diagnosis from tuber 
culosis, 426 
tuberculosis of, 426 

differential diagnosis of, 426 


X 

Xanthomatosis clinical features of, 537 
differential diagnosis of, 539 
radiological appearances of bones in, 638 
skull changes m, 49 172 
treatment of, 640 


Y 

^avis, lione lesions in, 4o0 

diagnosis from syphilitic dactylitis, 440 


Z 

Zygoma, fractures of, 400 
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